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ABSTRACT 
The studies were conducted on bio-intensive management of Jassid, Amrasca biguttula 
biguttula (Ishida) on various genotypes of Bt-cotton. Experiments were conducted in 
farmer’s field and laboratories of the Agricultural Entomology Department, University 
of Agriculture, Faisalabad from 2009 to 2011. The objectives of these studies were to 
control the pest by bio-intensive management methods and find an effective, safe and 
economical method/s for recommendation to the farmers. A Field experiment was 
carried to determine resistance or susceptibility of twenty genotypes of Bt-cotton 
against Jassid (nymph + adult) based on per seedling and per leaf population density 
count  during 2009 and 2010 under field conditions. Laboratory experiments were 
carried out to study Physico-morphological and chemical plant characteristics with the 
objective to determine their effects on the population of Jassid.   
 The results revealed that during preliminary field trials, the genotype Auriga-213 
showed maximum Jassid populations, whereas the genotype IR-824 had zero population 
per seedling. Auriga-101 and MNH-886 possessed maximum Jassid populations per leaf 
(susceptible) whereas MG-06 showed minimum (comparatively resistant). During a 
final screening trial, the genotypes Auriga-101 and MNH-886 proved to be susceptible, 
AA-703 and MG-06 appeared as comparatively resistant, while BT-121 and CA-12 
were intermediate based on both per seedlings and per leaf population density counts of 
Jassids. The maximum population of Jassid (nymph + adult) per leaf was recorded on 
August 01, 2009 and August 16, 2010. There was only one peak in both the study years. 
The HPSIs (Host Plant Susceptibility Indices) on an average basis during both years 
showed that Auriga-101 and MNH-886 were susceptible, whereas AA-703 and MG-06 
showed minimum HPSI and proved comparatively resistant, based per seedling and per 
population density counts of Jassid per leaf. The results revealed that minimum 
temperature during 2009 exerted a positive and significant (P < 0.01) correlation with 
the Jassid population with a r-value of 0.667 while during 2010 maximum temperature 
had negative and significant correlation (P < 0.01) with the pest density on per leaf basis 
with a r-value of 0.558. Relative humidity and rainfall during 2010 and on cumulative 
basis of both the study years 2009 and 2010 resulted in a significant (P < 0.01) and 
positive correlation with the pest population. Multiple regression models reveal that 
minimum temperature during 2009 and 2010 and on cumulative basis of both the study 
years resulted in maximum impact, while maximum temperature during 2010 also 
exerted a reasonable contribution to the pest population. The results revealed that hair 
density on the plant’s midrib, vein and lamina had a negative and significant correlation, 
length of hair on midrib and vein had a non significant correlation while thickness of 
leaf lamina had a positive and significant correlation with the Jassid population per leaf. 
Gossypol glands on midrib and vein showed positive and significant correlation, while 
on lamina they had a negative and significant effect. Total minerals exerted positive and 
significant effect, whereas reduced sugar, calcium and manganese showed negative and 
significant correlation with Jassid density. Multiple linear regression models revealed 
that hair density on midrib and total minerals in the leaves were the most important 
characters. The minimum Jassid population was recorded to be 0.35 per leaf with 
maximum mortality of pest i.e. 88.59 % where all control methods were integrated 
together. The maximum population was recorded to be 2.22/leaf in those plots where 
Coccinella septumpunctata was released. The application of Spinosad 240 SC applied 
singly and integrated with other control methods resulted in higher pest mortality. The 
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results pertaining to seed cotton yield in kg/plot showed a significant difference among 
various control treatments. The maximum yield was recorded in those plots where all 
the control methods were integrated whereas yield was minimum where C. carnea was 
released. The maximum cost benefit ratio was calculated where Spinosad 240 SC was 
sprayed. The integration of all the control methods resulted in low CBR (Cost Benefit 
Ratio) due to increase in expenditure.  
 
 
 
 
CHAPTER 1 
INTRODUCTION 
 Cotton (Gossypium hirsutum L.) is one of the most important cash crops of 
Pakistan and provides raw materials for the cotton industry. It contributes 8.2 % of the 
value added in the agriculture and about 2 percent to the gross domestic product with 
60% of total export valuing 9 billion dollars (Daily times January 29, 2010). This crop 
is providing employment to millions of peoples in ginning factories and textile mills. It 
is grown on an area of 2820 million hectares, with an average yield of 713 kg/hectare 
(Anonymous, 2008-09). This is much less than Australia (1982 kg/ha), Syria (1571 
kg/ha), Mexico (1312 kg/ha), Turkey (1298 kg/ha) and China (1119 kg/ha). (Daily 
Times January 29, 2010). Growing of transgenic cotton is a new technology in Pakistan 
Agriculture.  
 The area under Bt cotton increased up to 3,238 ha during 2005 (Rao, 2006). In 
2006, Bt cotton was grown on 0.20 million ha in Pakistan (Rao, 2007). Bt cotton has 
provided a specific, safe and effective tool for the control of lepidopterous pests 
(Shelton et al., 2002; Mendelsohn et al., 2003; Wu and Guo, 2005). However, it is 
highly susceptible to sucking insect pests and of which Jassid, Amrasca bigutulla 
bigutulla (Ishida) is the most important and very serious pest. It has been reported to 
cause retardation in plant growth and deterioration of lint quality, resulting in loss of 
cotton yield (Afzal and Ghani, 1953). Bhat et al (1986) estimated a 19.45% reduction of 
cotton yield in non-hairy susceptible cotton varieties due to Jassid alone. Insecticides 
are being used to minimize the losses caused by this Jassid. The injudicious and 
indiscriminate use of pesticides, not only creates problems of health hazards to human 
and animals, but also helps to speed up the environmental pollution. Development of 
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resistance in insects against insecticides has also been observed due to repeated use of 
the same chemical group for the control of this notorious pest.  
 Host plant resistance is the result of interactions between the insect and plants. 
The concept of host plant resistance should, therefore, be viewed by comparing the 
performance of a variety under optimum conditions for the growth and development of 
the plant in the absence and presence of insect populations capable of causing maximum 
loss to the host plant. According to Dhaliwal and Dilawari (1993), host plant resistance 
refers to the heritable qualities of a cultivar to counteract the activities of insects so as to 
cause minimum percent reduction in yield as compared to other cultivars of the same 
species under similar conditions. A number of plant characteristics are known to render 
the cultivars less suitable or unsuitable for feeding, oviposition and development of 
insect pests. Broadly these characteristics can be classified into two categories, i.e., 
biophysical and biochemical (Dhaliwal and Arora, 2001b). 
 Plant resistance is controlled by several morphological factors, like remote 
factors (e.g., colour, shape, size, etc.) and close range or contract factors ( e.g., 
thickening of cell wall and rapid proliferation of plant tissues, solidness and other stem 
characteristics, trichomes, incrustation of minerals in cuticle, surface waxes and 
anatomical adoptions of organs). The resistance mechanisms related to morphological 
or structural plant features that impair normal feeding or oviposition by insects or 
contribute to the action of other mortality factors are together called phonetic resistance 
(Kogan, 1994). The morphological characteristics of the host plant may also influence 
the nutrition of the insect by limiting the amount feeding due to shape, colour or texture 
of the nutritive material and influence the digestibility and utilization of food by the 
insect.  
 The development, longevity, reproduction and fecundity of insect pests also 
depend upon the climatic factors. It is well known that densities of pest populations 
fluctuate with the prevailing weather conditions, such as temperature, moisture, light 
and wind, etc. Extreme conditions of climate cause mortality among the pest along with 
its natural enemies. Insects have no precise mechanism for regulating the temperature of 
their bodies. Their body temperature, therefore, follows more or less closely that of the 
surrounding medium. Exposure to temperatures beyond the favourable range, whether 
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low or high, may retard growth and development of the insect or may even cause its 
death (Dhaliwal and Arora, 2001a).  
 Keeping in view the above situation, there is a dire need to develop a long 
lasting control strategy for minimizing crop losses which will prove economical, easy to 
apply by the farmers, safe to natural fauna and avoid of environmental pollution. 
 The present study focussed on bio-intensive integrated management of the 
Jassid, Amrasca bigutulla bigutulla  (Ishida) on Bt-cotton in Punjab, Pakistan with 
following objectives:   
- To screen the available genotypes of Bt cotton for resistance/susceptibility based 
on population density counts of Jassid per leaf.   
- To determine the impact of various morphological and chemical plant characters 
from the selected genotypes of Bt cotton on the population fluctuation of the 
Jassid.  
- To study the role of some abiotic factors, includes/including temperature, 
humidity and rainfall in the population fluctuation of the Jassid.  
- To integrate various bio-control methods, such as botanical, cultural, biological, 
and  Spinosad 240 SC (Tracer) (metabolite products) applied  on a resistant 
genotype of Bt cotton  for the control of the test insect pest. 
- To determine the cost benefit ratio and find the most effective, economical and 
safe control strategy for recommendation to farmers.   
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1 Host Plant Resistance 
 Tariq (1989) designed an experiment on ten different cotton cultivars against the 
insect pest complex at the Ayub Agriculture Research Institute (AARI), Faisalabad, 
Pakistan and observed that LSD-170 was the most resistant to the Jassid as well as to 
insect pest complex. 
Bhatangar and Sharma (1991) surveyed the population of sucking insect pests on 
different varieties of cotton in Haryana (India) in 1986 and reported that Red coloured, 
okra leaf and frego bract varieties were less infested with Amrasca devastans (Dist.) 
than the variety used as control, H777. They further found that glandless varieties were 
heavily affected with the insect pests found through out the season. 
Ali et al. (1997) studied 10 non-Bt cotton entries viz., CIM-70, FH-87, MNH-
93, NIAB-86, P-2/2, P-43/13, P-43/51-2, S-9/1 and S-20 for antibiosis resistance against 
Jassid and reported that jassid nymphs took the maximum time (12-days) to reach adult 
stage on P-43/60 (hairy cotton line), while the minimum nymphal period (6.33 days) 
was recorded each on CIM-70 and S-20 (less hairy lines). This study was carried out in 
Pakistan. 
Naeem (1997) observed the comparative resistance of some cotton cultivars 
against the sucking insect pests and reported that FH-672 was the most resistance to the 
sucking insect pests including Jassid, whereas FS-628 was found to be least resistance 
to Jassid. This study was carried out in Faisalabad, Punjab Pakistan. 
Nizamani et al. (2002) studied the resistance level of ten cotton cultivars viz., 
AEH-1, AEH-2, AEH-4, AEH-6, CRIS-9, CRIS-121, CRIS-124, CRIS-128, CRIS-129 
and Red Okra to sucking complex i.e. thrips, Jassid and whitefly was evaluated in 
cotton experimental field of IPM at Agriculture Research Institute, Tandojam Sindh, 
Pakistan. during Summer, 2000. It was concluded that cultivar AEH-1, AEH-4 and 
AEH-6 were extremely susceptible to Jassid, whereas cultivars CRIS-129, CRIS-124, 
Red Okra, CRIS-128, AEH-2 and CRIS-9 showed medium response to Jassid attack.  
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Syed et al. (2003) studied the relative resistance of different cotton varieties 
against insect pest infestation. Field studies were carried out at the Faculty of 
Agriculture, Gomal University, Dera Ismail Khan, Pakistan to investigate the relative 
resistance of twenty cotton varieties against sucking pests, namely the Jassid (Amrasca 
devastans Dist.), thrips (Thrips tabaci Lind.), whitefly (Bemisia tabaci Genn.) and mite 
(Tetranychus spp.). The results indicated that the highest A. devastans population of 
2.72 insects/ leaf was observed on Greg-25V variety, while the lowest population was 
found on variety Rajhans (2.06 insects/leaf), the highest and the lowest thrips population 
of 4.28 and 2.21 insects/leaf was observed on Empire WRD and Rode okra, 
respectively. Similarly, the highest and lowest population of B. tabaci were found on 
Rehmani and Greg-25V as 1.99 and 1.73 insects/leaf respectively. The case of 
Tetranychus spp., the highest and lowest population noted as 3.23 and 1.71 on Rajhan 
and Coker-8316, BW-673, Rode okra, Genetic male sterile, Russian red/leaf, Rehmani, 
TH-1100 and TH-1174 varieties.  
 Abro et al. (2004) studied the Bt and non-Bt cotton varieties viz., KMG-1, 
KMG-2, KMG-3, MS-1, MS-2 NIAB-78 and CRIS-134 for the incidence of thrips and 
reported that the Jassid population was the highest (1.33 insects/leaf) on KMG-3 
followed by 1.95 and 1.52 insects/leaf on KMG-2 and KMG-1, respectively. 
 Aslam et al. (2004) studied 22 cotton genotypes (BH-121, BH-125, BH-147, 
CIM-473, CIM-482, CIM-499, CIM-511GE, CIM-707, CRIS-467, CRIS-468, DNH-57, 
FNH-945, NH-1000, MNH-633, MNH-635, MNH-636, NIBGE-1, RH-510, SLH-244, 
SLH-257, VH-141 and VH-142)  in Pakistan for their comparative resistance or relative 
susceptibility to Jassid adults and nymphs under unsprayed condition and reported 
maximum mean seasonal populations of 1.7 jassid adults and nymphs/leaf on genotype 
BH-147 while minimum mean seasonal per leaf population of Jassid was 0.6/leaf on 
MNH-635.  
 Hussain (2004) observed that NIAB-98 was comparatively resistant to Jassid 
adults, whitefly adults and thrips populations, BH-147 to Jassid nymphs, SLH-257 to 
whitefly adults and SLH-257 to thrips. The study was conducted in Pakistan 
Aheer et al. (2006) tested seven genotypes of non-Bt cotton viz., BH-124, BH-
121, BH-125, BH-147, SLH-257, SLH-244 and NIAB-98 for their resistance against 
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Jassid under field conditions in Pakistan and reported that BH-125 showed maximum 
population of Jassid nymphs (1.05/leaf), while SLH-257 appeared as resistant 
(0.63/leaf). Maximum Jassid adults were recorded on BH-121 (0.17/leaf) and minimum 
on NIAB-98 (0.01/leaf). 
Sharma and Pampapathy (2006) studied the influence of transgenic cotton on the 
relative abundance of and damage by, target and non target insect pests under different 
protection regimes in India and reported that there were no difference between the 
transgenic and non transgenic hybrids in their relative susceptibility to cotton Jassid.  
 Amjad and Aheer (2007) observed eight genotypes of cotton (CIM-499, SLH-
279, FH-901, CIM-707, N-111, BH-995, BH-160 and BH-1199) and tested for their 
resistance against whitefly, Bemisia tabaci (Genn.), Thrips, Thrips tabaci (Lind.) and 
Jassid, Amrasca devastans (Dist.) during 2003 under Bahawalpur ecological conditions 
Pakistan. They reported that genotypes did not show large differences regarding Jassid 
and thrips populations, which that ranged from 1.40 to 1.82 and 10.59 to 12.85 per leaf, 
respectively. Significant difference was recorded among genotypes concerning whitefly 
population. CIM-499 showed maximum susceptibility to whitefly (3.31/leaf) and CIM-
707 showed minimum (1.99/leaf). Jassid and whitefly populations remained the above 
economic threshold level throughout the season. Maximum populations of whitefly 
(7.55/leaf) and Jassid (2.26/leaf) were recorded on September 24, 2003 while thrips 
(28.16/leaf) were maximum on August 21, 2003. 
 Pathan et al. (2007) studied  comparative resistance in six cotton strains viz. 
CRIS-168, CRIS-467, CRIS-468, CRIS-9, CIM-482 and NIAB-78 in Pakistan against 
the insect pest complex and reported that CRIS-467 was highly susceptible to bollworm 
and Jassid, resulting in lowest seed cotton yield of 530.3 kg/ha whereas CRIS-468 was 
highly resistant, having maximum yield of 721.0 kg/ha. They further reported that 
genotype CRIS-168, CRIS-9, CIM-482 and NIAB-78 were moderate in their degree of 
resistance against insect pest complex. 
 Bal and Dhawan (2008) studied the population of key pests in natural enemies in 
RCH-134 Bt and non-Bt cotton hybrids under sprayed and unsprayed conditions in 
India and they reported that the population of cotton jassid was significantly lower in Bt 
sprayed plots as compared to non-Bt cotton. 
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 Jeyakumar et al. (2008) reported that Jassid population was almost negligible (< 
one per three leaves) both in Bt as well as in non-Bt cotton hybrids.   
 Amjad et al. (2009) studied comparative resistance in five cultivars of cotton 
viz.FH-682, NIAB-78, FH-643, FH-682 and H-634 in Pakistan against sucking insect 
pests and reported that FH-682 was found to be the most resistant to jassid. They further 
reported that the population of jassid remained above economic threshold level 
throughout the season.  
 Khan (2011) studied nine varieties of cotton viz., CRIS-125, CRIS-9, B.T. CIM-
506, DNH-15, CIM-554, BH-167, Gomal-93 and DNH-57 in Pakistan for their 
comparative performance for resistance against sucking insect pests and reported that 
DNH-105, and CIM-506 were relatively resistant to sucking insect pests as they showed 
least infestation and higher seed cotton yield.  
 Salman et al.  (2011) studied the levels of six cotton varieties in Pakistan viz., 
MNH-635, NIAB-86, SLH-257, CIM-446, CIM-482 and NIAB Karishma to thrips, 
jassid and whitefly and reported that NIAB-86, MNH-635 and SLH-257 were highly 
susceptible to Jassid, showing 0.97, 0.88 and 0.87 insects per leaf, respectively, whereas 
the cultivars NIAB Karishma and CIM-482 showed medium response to jassid attack, 
with 0.69 and 0.67 insect per leaf, respectively.  
 Shivanna et al. (2011) found a peak population of leaf hopper with 19.20 
individuals per three leaves during May 2nd fortnight.  
2.2 Period of Abundance  
Gupta et al. (1997) observed the highest population of thrips, aphid and jassid 
Madhya Pardesh, India during the last week of July to mid-August, the last week of July 
to mid-September and the second fortnight of August to the first fortnight of October, 
respectively. 
Anonymous (1998) observed that during the second and third week of July, the 
population of Jassids was significantly less but  increased gradually later on and reached 
to peak in the third week of August. The Population of whitefly was higher in the 
second, third and fourth week of August. The Thrips population was relatively high in 
earlier days of July and later days of August but lower in middle period of crop growth.  
Kalroo (2001) studied the population dynamics and trends of major sucking and 
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bollworm pest complexes, recorded at the Central Cotton Research Institute, Sakrand, 
Singh [Pakistan]. Maximum population of sucking pests thrips, Jassid and whitefly were 
recorded as 13.4, 2.0 and 10.8 / leaf during the fourth week of July, third week of 
August and first week of September respectively. Maximum bollworm damage 9.2% 
was recorded during the third week of October and fourth week of November. Three 
years (1997-1999) of data specify that, pest population of sucking as well as bollworm 
pest complexes, crossed the economic injury levels at CCRI-Sakrand farm and needs to 
be controlled to save the crop from economic losses.  
Arif et al. (2006) found maximum peak of jassid population during the second 
week of August, 2003. The study was conducted in Pakistan. 
Mari et al. (2007) studied the population fluctuation of sucking insect pests and 
predators in a cotton ecosystem and reported that the highest jassid population was 
recorded to be 3.93 per plant on August 06. The study was conducted in Sindh Pakistan. 
Shivanna et al. (2009) studied the incidence of leaf hopper on transgenic Bt 
cotton and reported that the maximum leaf hopper population was recorded to be 
19.20/3 leaves in second fortnight of May followed by 18.33, 16.01, 13.24, 12.23, 
10.77, 13.38 and 15.92 per three leaves during first and second fortnight of April, first 
fortnight of May, first fortnight of June, second fortnight of February and first and 
second fortnight of March, respectively. From the June second fortnight onwards the 
leaf hopper population declined below ETL and continued up to first fortnight of 
February. The study was conducted in India. 
Salman et al. (2011) reported that the cultivars of cotton viz., MNH-635, NIAB-
86 and SLH-257 had jassid populations above economic threshold level (ranged from 
1.35 to 5.33 during third and fourth week of July and first week of August). The 
cultivars CIM-446 showed maximum population of jassid on third week of July, CIM-
482 and NIAB Karishma on third week of July and first week of August, with the 
population range of 1.36 to 3.78 per leaf. The study was conducted in Pakistan. 
2.3 Weather Factors Versus Jassid Population  
Nachapong et al. (1984) studied the distribution of Thrips (T. tabaci) and Jassids 
(A. devastans) on cotton in Thailand and showed that aggregations and can be 
adequately described by the negative binomial distribution. On the top four or five 
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expanded leaves, the majority of thrips are found, while the bulk of the population of 
Jassid nymphs can be located on four adjacent expanded leaves towards the top of the 
stem, which correspond to the zone of ‘working’ leaves. This zone is displaced down 
the stem as the plant grows and develops. Jassid nymph mortality appears to be 
maximum amongst newly hatched individuals, since numbers decrease rapidly and 
become more evenly distributed down the plant as the nymphs age. There appears to be 
some movement between leaves by Jassid nymphs, particularly the older ones, and the 
mud-splash effect during heavy rain provides appreciable natural control. Both pests 
could be managed in Thailand using a sequential sampling procedure based on binomial 
sampling theory. Sample units would be restricted to infestation sites and treatment 
decisions would be made on the proportion of sample units rather than on actual pest 
counts. 
Ali et al. (1993) reported that three year data (July, August and September of 
1986, 1987 and 1988) revealed that temperature played significant and positive role for 
jassid density (r=0.297), while rainfall had a significant  and negative correlation 
(r=0.483). Cumulatively, these factors contributed 46% its fluctuations in the Jassid 
population. The experiments were conducted in the Pakistan. 
Riaz et al. (1996) studied the influence of environmental conditions on the 
sucking insect pests of NIAB-86 cotton and their chemical control in Paksitan. 
Temperature had a momentous and positive effect on whitefly and thrips population 
with r-values of 0.86 and 0.77, respectively. A non-significant effect existed between 
relative humidity and insect pest population density. The whitefly and thrips, the 
combined effect of temperature and relative humidity was higher (86.50 and 75.00 
percent) but was lower (46.91 percent) on/the Jassid population. The Jassid populations, 
temperature alone showed a non-significant effect. Confidor and Nuvacron, used on 
cotton, yielded the maximum mortality of Jassid (88.08 and 84.17 percent), whitefly 
(84.83 and 83.56 percent) and thrips (88.06 and 82.99 percent), respectively.  
Wahla et al. (1996) observed the effect of seven physical environmental factors 
in Pakistan viz., maximum temperature, minimum temperature, temperature 
fluctuations, mean temperature, relative humidity, sunshine hours and rainfall on the 
population dynamics of sucking insect pests of field grown crop “FH-87”, cotton. They 
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discovered that change in temperature was positively correlated with the population of 
sucking insect pests as opposed to minimum temperature as well as that in the relative 
humidity, which were negatively correlated to it.  
Aheer et al. (2006) reported a significant and negative effect of maximum 
temperature on Jassid nymphs. Minimum and average temperatures and relative 
humidity showed positive and significant correlation with Jassid adults, showing r-
values of 0.592, 0.532 and 0.581, respectively. All the abiotic factors when computed 
together for multiple linear analysis exerted 18.7 and 6.4 percent role in population 
fluctuations of Jassid nymphs and adults, respectively. The study was conducted in 
Faisalabad, Pakistan.  
Arif et al. (2006) reported that rainfall and temperature showed a significant and 
positive effect on jassid population, whereas relative humidity showed a non significant 
effect. Multivariate regression analyses showed that temperature had 53 % influence on 
the population fluctuation of jassids. The study was conducted in Pakistan. 
Amjad et al. (2009) reported that maximum activity of most of the insect pests 
on cotton was observed on August 28, 2007.  
 Shivanna et al. (2009) reported that maximum temperature was correlated 
significantly and positively with the leaf hopper population, while the rainfall has a 
negative and significant correlation and minimum temperature and relative humidity 
showed non significant correlation with the population of Jassid in transgenic Bt cotton. 
The experiment was conducted in India.  
 Ashfaq et al. (2010) reported a positive correlation between jassid population 
and temperature, while relative humidity was found to be negatively correlated with the 
jassid density. The effect of rainfall was reported to be negative with the jassid 
population.  
Shivanna et al. (2011) reported that maximum temperature showed a significant 
and positive effect on jassid populations while minimum temperature exerted non 
significant effect on leaf hopper abundant. The study was conducted in India. The effect 
of relative humidity was also reported to be non significant with the population of leaf 
hoppers.  
2.4 Morpho-physical and Chemical Plant Characteristics  
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Ali and Ahmad (1982) studied biophysical resistance in different varieties of 
cotton viz., B-557, MNS-79, MS-84, AU-59 and MNH-93 against insect pests and 
reported that the number of hairs on leaf vein and total mineral (%) different 
significantly among varieties, but moisture, nitrogen, protein and amino acids in the 
leaves did not show significant difference among varieties. They also reported that 
Jassid nymph and adult population per leaf on these varieties also showed non 
significant difference.   
 Riaz et al. (1987) found negative correlation with the Jassid population on non-
Bt cotton. 
Yousaf and Ahmed (1990) evaluated the relative resistance of some cotton 
cultivars against insect pests with reference to physico-chemical characters. Sixteen 
varieties/ advanced lines of cotton were tested at Faisalabad Pakistan for their relative 
resistance against the insect pest complex of cotton with reference to physico-chemical 
factors, like leaf lamina and number of hairs on leaf vein, length of hair, number of 
gossypol glands on various plant parts, total minerals (Ca, Fe, Mn, Mg), protein, fats 
and reducing sugars in the leaf tissue. Out of these varieties, AU-14 proved moderately 
resistant to cotton Jassid whereas NL-11-62-1, Stone Ville 731-N and CIM-10 were 
very susceptible to it. The varieties did not disclose any significant difference among 
themselves with regard to whitefly and thrips populations. The minimum number of 
cotton aphids/leaf was recorded on Stone Ville 731-N whereas it was maximum on 
MNS-79. Maximum attack of pink bollworm was on MNS-79 and was minimum on 
NL-11-62-1, MNH-49, CIM-10 and A-89/FM. In the seeds of NL-11-62-1, maximum 
number of hibernating larvae was found, whereas it was minimum on CIM-10. AU-14 
gave the highest yield. Jassid was observed to be the key pest having negative 
correlation with yield.  
Ali et al. (1995) observed the physical characters which effect resistance in 
cotton against thrips and Jassids. Four cotton varieties (CIM-70, FH-87, MNH-93 and 
NIAB-86) and six advanced lines (P-2/2, P-43/13, P-43/51-2, P-43/60, S-9/1 and S-20) 
were tested for resistance against Jassid and Thrips for their physical characters during 
1992 at Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad Pakistan. The 
entries differed significantly from one another in response to population density of both 
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insects and in physical factors. CIM-70 was susceptible (1.69/leaf) and P-43/60 
(0.71/leaf) was resistant to Jassid. Whereas FH-87 (5.34/leaf) was susceptible and S-20 
(2.67/leaf) was resistant to Thrips. The moisture contents, gossypol gland on midrib and 
lamina, length of hair and leaf area were not important for Jassid and Thrips. The effect 
of gossypol glands on vein (0.463) and thickness of leaf lamina (0.456) was highly 
significant and positive for Jassid. Hair density on midrib, vein and lamina was 
significant with negative response for Jassid and positive for Thrips.  
Ali et al. (1995 a)  studied the four cotton varieties (non Bt) viz., CIM-70, FH-
87, MNH-93 and NIAB-86 along with six advanced lines viz., P-2/2, P-43/13, P-43/53-
2, P-43/60, S-9/1 and S-20 for resistance against Jassid  in Pakistan and reported that  
moisture contents, gossypol glands on mid rib and lamina, length of hair and leaf area 
were not important for Jassids. However, the effect of gossypol glands on vein and 
thickness of leaf lamina was highly significant and positive on Jassid populations. 
Furthermore, hair density on midrib, vein and lamina was significant, with a negative 
response for Jassid.    
Ali et al. (1995 b)  studied the chemical factors affecting resistance in cotton 
against Jassid and reported that  total lipids, reducing sugar, magnesium and calcium in 
middle and bottom leaves showed negative and significant correlation with Jassid 
population, while total minerals played a positive and significant role.  
Ali et al. (1995 c) reported that reducing sugars played significant and positive 
role for Jassid while studying biochemical factors affecting resistance in cotton against 
Jassid Amrasca devastans (Dist) and thrips, Thrips tabaci (Lind.) 
Ali et al. (1995 d) studied various physical factors affecting resistance in cotton 
with respect to leaf position against Jassid and thrips and reported that the entries under 
study differed significantly in population fluctuation of Jassid and their physical 
characters. They further reported that moisture content and leaf area did not show a 
significant correlation with Jassid populations, whereas gossypol glands on midrib and 
lamina and vein of top leaves played significantly negative and positive role for Jassid, 
respectively.  They further reported that the varieties with higher number of hair were 
found resistant to Jassid, whereas length of hair on leaf lamina was not so important for 
Jassids.  Thickness of leaf lamina of middle the bottom leaves was important for Jassid.   
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Ali et al. (1995 e) studied the role of hair density and gossypol glands in 
resistance against the pest complex of cotton and reported that hair density and gossypol 
glands on midrib, vein and lamina showed significant and negative correlation with 
Jassid density.   
Ali et al. (1999) observed the role of physico-morphological plant factors hair 
density, length of hair and gossypol glands on midrib, vein and leaf lamina towards 
resistance against sucking insect pests [Jassid, Amrasca devastans (Dist.) Whitefly, 
Bemisia tabaci (Genn.) and Thrips, Thrips tabaci (Lind.)] in nine genotypes of cotton 
viz., MNH-93, MNH147, SLS-171, MNH-329, FH-682, CIM-240, S-12, CIM-109 and 
NIAB-78 during 1996-97 at Faisalabad (Pakistan). The data on Cotton Leaf Curl 
(CLCV) occurrence were also recorded and correlated with the insect pest population. 
Significant differences were found to be present among genotypes regarding all the 
parameters, except in whitefly and thrips populations. Significantly negative correlation 
was found to exist between hair density on leaf lamina and Jassid population. Gossypol 
glands and hair length on vein played significant role in the population fluctuation of 
whitefly, and thrips, respectively. The R2 value between insect pest population and 
CLCV incidence was recorded to be 0.2340. The variety S-12 (69.94%) was found to be 
most susceptible to CLCV disease, while CIM-240 (37.11%) had the least incidence.  
Hassan et al. (1999) studied the role of physico-morphic characters imparting 
resistance in cotton against some insect pests in Pakistan. Five cotton varieties viz., FH-
643, FH-634, FH-685, CIM-448 and NIAB-Karishma were tested for physical plant 
factors contributing resistance to sucking pests viz., Amrasca devastans (Dist.), Thrips 
tabaci (Lind.) and Bemisia tabaci (Genn.). A negative correlation (-0.94) was 
established between Jassid attack and number of hair per unit leaf area. A positive 
correlation (0.93) between whitefly population and leaf hair density was observed, 
while leaf area and moisture contents did not have a significant correlation with these 
insect pests.  
Raza (2000) studied the role of physico-morphic characters viz., number of 
gossypol glands, hair density and length of hair towards resistance/susceptibility against 
sucking insect pests viz., whitefly, Jassid and thrips on 10 cotton genotypes viz., HR-
107NH, HR-107H, HR-101, HR-102, HR-103, HR-VO1, FH-900, MNH-552, CIM-443 
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and FH-634. Whitefly adult population had negative correlation with hair density on 
leaf lamina and midrib with correlation coefficient values 0.145 and 0.394, respectively, 
while it correlated positively with gossypol glands on leaf mid-rib (0.664) and vein 
(0.55). Whitefly nymphal population showed positive correlation with gossypol glands 
on leaf vein (0.631) and mid-rib (0.446). Jassid adult and nymph correlated negatively 
with hair density on leaf lamina, mid-rib and vein. Length of hair on leaf mid-rib (0.41) 
correlated negatively with Jassid nymph. Thrips population showed negative correlation 
with hair density on leaf lamina (0.403) and mid-rib ((0.372), whereas it correlated 
positively with gossypol glands on leaf lamina (0.528), mid-rib (0.635) and vein 
(0.496).  
Bashir et al. (2001) described that Jassid and nymphs had a negative correlation 
with hair density and length of hair on midrib, vein and lamina, while whitefly (adults 
and nymphs) and thrips showed positive correlation with these factors. They also 
studied resistance in ten genotypes of cotton viz., HR-109, HR-127, HR-138, Brown, 
Camal brown, Green, VO-MS, NIAB-Karishma and CIM-448 against thrips and 
whitefly. They reported that whitefly adults, nymphs and thrips population ranged from 
0.00-1.02, 0.00-1.52, 3.27-7.84, 6.84-21.19 and 0.58-2.26 per leaf, respectively. The 
study was conducted in Faisalabad Pakistan. 
Aslam et al. (2004) carried out experiment on comparative resistance of 
different cotton genotypes against sucking insect pest complex of cotton and reported 
that leaf hair density and length were important morphological characters contributing 
some resistant against sucking insect pests. They further reported that leaf hair densities 
on leaf midrib vein and lamina and leaf hair length were negatively correlated with the 
population of jassid.  
Prasad et al. (2009) reported that Bt cotton does not afford any protection to 
sucking pests of cotton and their tolerance and resistance is mainly dependent on the 
morphological and genetic base. 
Ashfaq et al. (2010) reported that the effect of physico-morphic characteristics 
of transgenic and non transgenic variety showed a similar relationship. Furthermore, 
they reported trichome density on leaf lamina, midrib and vein had non significant and 
negative correlation with the population of jassids. The variety showing thick leaf 
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lamina exerted a significant positive correlation with the population of jassid.  
 Naveed et al. (2011) reported that the population of Amrasca devastans was 
significantly higher on strain cyto-12/91, showing hair density of 1011 +21.0 per cm2 
and hair length of 644 + 27.3 micron as compared to cyto-46 having Trichome density 
of 474 + 12.9 per cm2 and hair length of 705 + 44.8 micron.  
2.5 Chemical Control  
 Razaq et al. (2003) investigated the efficacy of  five insecticides viz. Actara 25 
WG (Thiomethoxam) 500 gm, Polo 500SC (Diafenthiuron) 825 ml, Talstar 10EC 
(Bifenthrin) 625 ml, Mospilan 20SC (Acetamiprid) 312 gm and Confidor SL200 
(Imidacloprid) 500 ml against jassid, thrips and whitefly and reported that there are no 
difference in toxicity against jassid between conventional insecticides and insecticides 
with novel mode of action.  
 Kannan et al. (2004) reported that seed treatment of transgenic cotton with 
Imidacloprid @ 5 gm/kg of seed was more effective than the other treatments in 
keeping the population of leaf hopper, Amrasca devastans (Dist.) below economic 
thresh hold level up to 40 days after sowing.  The study also showed that seed treatment 
of transgenic cotton with Imidacloprid was not only safe but also protected predators, 
viz. coccinellids, green lace wing and lynx spider, orb spider, wolf spider and long-
jawed spider.    
Shanmugam et al. (2006) compared bio-intensive pest management (BIPM) 
modules with Farmer’s Package of Practices (FPP) for Mech 162 Bt and Mech 162 N Bt 
and reported that the incidence of leaf hopper in different modules was in the order of 
FPP-MECH 162 Bt > BIMP MECH 162 Bt > BIMP MECH 162 N Bt >FPP MECH 162 
N Bt.   
 Hasan et al. (2007) reported that the integration of bio control agents such as 
Chrysoperla carnea and Trichogramma chilonis, individually as well as jointly with 
insecticides, proved as effective as chemical control using recommended insecticides 
against sucking insect pests. They further reported that the integrated control proved 
economical as it reduced the number of insecticide sprays from eight in the chemical 
control to two in the integrated control treatment.  
Biradar and Vennila (2008) studied the conservation of biological control 
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needed for pest management in Bt cotton. In India rapid cultivation of transgenic cotton 
hybrids with myriad genes of Bacillus thruringiensis (Bt) singly, (Cry 1Ac-Mon 531 
event and Cry 1Ac-event 1), and in combinations through stacking (Cry 1Ac and Cry 
2Ab-Mon 15985 event) and fusion (Cry 1Ac Cry 1Ab-GFM event) has been done. 
Under field situations, aphids, jassids, thrips and whiteflies, in particular are seen as 
‘predator fodder’ and as such have an vital role to play as attractants to the ladybirds, 
lacewings, predatory bugs and spiders. They also told that taxonomic diversity of 
arthropods of the current cotton ecosystems inclusive of Bt and non-Bt has indicated re-
establishing native predators from different groups, viz., Chrysopidae (Chrysoperla sp. 
(carnea-group) of Neuroptera; Lygaeidae (Geocoris ochropterus (Fieber), and Miridae 
(Deraeocori spp.) of Hemiptera, Coccinellidae (Cheilomenes sexmaculata (F.) and 
Scymnus castaneus Sicaid) of Coleoptera, Syrphidae (Ischiodon scutellaris (Fabricius) 
and Dideopsis aegrota (Fabricius) of Diptera and spiders from different families viz. 
Araneidae, Clubiondae, Lycosidae, Oxyopidae and Salticidae of Arachnida. These 
diverse groups of predators have greater potential to offer natural control of emerging 
sucking insects.  
 Udikeri et al. (2009) studied the bio-efficacy of BYI 08330 150 OD 
(spirotetramat 150 OD) and SYN 13623 a combine product of thiomethoxon 141 SC +  
λ cyhalothrin 106 SC. The population of Jassid was brought below ETL with three 
sprays during 2006 and two sprays during 2007 with different dosages of new 
chemicals. Significantly highest seed cotton yield of 20.32 q/ha (2006) and 29.22 q/ha 
(2007) was harvested with higher doses of SYN 13623 @ 300 ml/ha and BYI 08330 
150 OD @ 500 ml/ha, respectively provided them to be at par with acetamiprid 20 SP, a 
standard check.      
 Khan (2011) evaluated Acetamiprid 20 SP, Imidacloprid 25%  WP, Bifenthrin 
10 EC, Cypermethrin 10 EC,Triazophos 40 EC, Lambada Cyhalothrin 2.5 EC and Rani 
20 SL for their relative efficacy against sucking insect pests of cotton and reported that 
Rani 20 SL and Acetamiprid 20 SP were more effective in controlling sucking insect 
pests and in increasing seed cotton yield as compared to the other tested insecticide.  
2.6 Integration of Control Methods 
Shuja et al. (1994) conducted research on integration of chemical control and 
host plant resistance against sucking insect pests of cotton and reported that seed cotton 
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yield was increased significantly in a treated and untreated set of experiments. AUH-
39/87 proved better in yield than AUH-38/87.    
 Hasan et al. (2007) reported that the integration of bio-control agents such as 
Chrysoperla carnea and Trichogramma chilonis, individually as well as jointly with 
insecticides, proved as effective as chemical control using recommended insecticides 
against sucking insect pests. They further reported that the integrated control proved 
economical as at it reduce the number of insecticide sprays from eight in the chemical 
control to two in the integrated control treatment.  
 Hanumantharaya et al. (2008) carried out experiment to control the insect pest of 
cotton by using grace lacewing, C. carnea (Stephen) and neem seed kernel extract and 
reported that inter crop with lucern  (1:1 row proportion), two sprays of NSKE (5%) on 
cotton at 38 and 60 DAS and release of Chrysoperla carnea (Stephens) grubs  at the rate 
of 0.75 and 1.0 lakhs/ha. Starting from 43 DAS reduced the sucking pests (leaf hopper, 
thrips, aphids and white flies) and boll worms, Helicoverpa armigera (Hub.) and 
increased the seed cotton yield from 5.2 q/ha in untreated plot to 8.40 to 9.00 q/ha. in 
treated plots. These treatments were on par with insecticidal sprays (Recommended 
package to practice). The mean H. armigera eggs and larval population was reduced 
from 1.14 to 0.39/plant and 0.79 to 0.23/plant, respectively by the green lacewing (C. 
carnea) larvae released twice at fortnightly intervals at the rate of 0.75 to 1.0 lakh/ha. 
Yield in the released plot was 8.40 to 9.0 quintal/ha respectively.  
 Maketon et al. (2008) screened twelve entomo-pathogenic fungi by dipping an 
aubergine leaf into each isolate suspension at the concentration of 5 x 106 conidia ml-4 
and feeding to cotton Jassid (Amrasca biguttula biguttula Ishida) in the laboratory. 
Metarhizium anisopliace CK_048 was the most virulent strain, with a mortality of 
73.33±10.00. The fungus was formulated into a wettable powder form at the 
concentration of 1 x 109 conida g4 and tested its efficacy in controlling cotton Jassid in 
two aubergine plantations in central Thailand, which was compared with an insecticide, 
lambda-cyhalothrin 2.5% EC applied @ 31.25 g a.i. ha-1. After three consequently 
sprayed treatments at seven day intervals, results from both locations were similar, i.e. 
M. anisopliae CKM-048 at the dosage of 1.25 x 1013 conidia ha-1 showed good 
controlling efficacy. This was not significantly different from the chemical treatment 
but significantly different from the un-treated control.  
Kumar et al. (2011) compared integrated pest management modules developed 
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for transgenic cotton with the recommended package of practices (RPP) on Bt cotton 
(RCH-134). They reported that the incidence of leaf hopper, thrips, as well as mealy 
bug (Phenacocus solenopsis Tinsely) was significantly lower in IPM as compared to 
RPP, except for whitefly (Bemisia tabaci, Gennadtus). The predator’s population was 
more in IPM modules than RPP. The population of spider (0.33 and 0.28/plant), 
ladybird beetle (Coccinella septumpunctata, Linnaeus 0.18 and 0.12/plant) and 
lacewing (Chrysoperla carnea, Stephens 0.29 and 0.23/plant) to IPM and RPP, 
respectively were recorded frequently throughout the season. The damaged fruiting 
bodies, rosette flower, green boll damage were higher in RPP than IPM. By contrast, the 
number of good opened boll was more in IPM and bad opened bolls were more in RPP. 
Seed cotton yield was more in IPM (11.90 q/ha) as compared to RPP (11.47 q/ha) with 
cost benefit ratio of 1: 4.29 and 1: 3.75 in IPM and RPP, respectively. The better 
performance of Bt cotton was recorded in both IPM modules and RPP but reduced 
insecticides usage the38 per cent in IPM (4.0 sprays in IPM and 6.5 in RPP).  
 Fiaz et al. (2012) evaluated five plant extracts viz., Lemon oil, Bittergourd 
(Monoradica charantia L.) extract, bakain (Melia azadarach) leaf extract, Neem 
(Azadirachta indica) oil and Neem (A. indica) leaf extract, each at a 5 % concentration 
for their repellency and phago-deterrent effects against jassid and thrips with three 
application on cotton variety CIM-496 and found that lemon oil proved to be the most 
effective plant extract against jassid followed by neem oil, bakain, bittergourd and neem 
leaf extract. The experiment was conducted in the Paksitan. 
 Varieties with red coloured okra leaf and frego bracts found resistant because of 
antibiosis response. Whereas the period of abundance is from July to August, ranging 
1.25 to 5.33 per leaf with temperature has positive and significant impact on Jassid 
population influence. However the varieties with gossypol glands on veins and 
thickness of leaf lamina contributed as resistant factors to suppress Jassid population 
whereas the mineral have significant impact on Jassid population level. In terms of 
management practices with new chemistry insecticides such as neonicotinoids singly as 
well as in combinations with other insecticides/biocontrol agents found effective.  
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CHAPTER 3 
MATERIALS AND METHODS 
 
STUDY AREA AND ITS CLIMATE 
 
  The study concerned on bio-intensive management of the jassid, Amrasca 
biguttula bigutulla (Ishida) on various genotypes of Bt-cotton. Experiments were 
conducted in fields of Progressive Farmer Muhammad Zahid Chak No. 38/J.B. Dagora, 
District Faisalabad and in the laboratories of the Department of Agricultural 
Entomology, University of Agriculture, Faisalabad from 2009 to 2011. The area of 
Faisalabad is level plain, at 214-m altitude, latitude 31o -25’ N, longitude 73o -06’ E 
with average annual temperature of 24.50 oC and 350 mm precipitation. In general, 
winter is cold and summer is very hot. In winter, the temperature sometimes falls below 
the mean and in January it occasionally goes even below the freezing point. Dust storms 
are frequent from April to May. Frost may occur intermittently for a week or two during 
December and January (Khan, 1987).  
The objectives of these studies were to control the pest by bio-intensive 
management methods and find an effective, safe and economical method/s for 
recommendation to the farmers. The issues of concern in the chapter are as follows: 
3.2 Varietal variation  
3.2.1 Preliminary screening trial 
3.1.2 Final screening trail 
3.1.3 Host plant susceptibility indices (HPSI) 
3.2      Role of weather in population fluctuations of the pest. 
3.3 Physico-morphological and chemical plant characters associated with resistance 
to the  pest. 
3.4       Integration of various bio-control tactics for the management of jassid 
3.5       Cost benefit ratio (CBR)  
3.6 Statistical analysis 
 
 
3.1  Varietal Variation 
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3.1.1  Preliminary Screening Trial 
            Study was conducted during 2009 to screen the materials in preparation for final 
investigations. The experiment was laid out in a randomized complete block design 
(RCBD) with three replications. The plot size was kept at 7.64 m × 9.17 m and row to 
row distance 0.76 m. There was gap of 5 m between plots to avoid the influence of 
treatments on the insect population in the neighboring plots (Men et al., 2003; Arshad 
and Suhail, 2010) and is given in Appendix 1. Twenty genotypes of Bt-cotton viz., AA-
703, Auriga-101, Auriga-213, BH-178, BT-121, CA-11, CA-12, CIM-595, FH-4243, 
IR-824, MG-06, KZ-389, MNH-856, MNH-886, PSC-2, PSC-3, SB-149, Sitara-008, 
Tarzan-1 and VH-259 were sown on May 10, 2009. These based on per leaf density 
data of the pest, six genotypes (Auriga-101 and MNH-886 showing susceptible 
response, BT-121 and CA-12 showing intermediate response and MG-06 and AA-703 
had comparatively resistant response) were selected for final screening studies.  
3.1.2      Final Screening Trial 
 Based on per leaf population data obtained from preliminary screening study, six 
genotypes of Bt-cotton of which two showing susceptible response (Auriga-101 and 
MNH-886 ), two resistant (MG-06 and AA-703) and two genotypes showing 
intermediate response (BT-121, and CA-703) were sown on May 13, 2010 in the same 
farmer’s field as where preliminary study was conducted, following RCBD with three 
replications. The plot size was kept at 7.64 m × 9.17 m and row to row distance 0.76m. 
There was gap of 5 m between plots to avoid the influence of treatments on the insect 
population in the neighboring plots (Men et al., 2003; Arshad and Suhail, 2010) and is 
given in Appendix 2. All the recommended agronomic practices viz., fertilizer, 
irrigation, hoeing were followed.  
3.1.3 Data Collection 
 Data regarding jassid (nymphs + adults) population were recorded at weekly 
interval by randomly selecting 10 seedlings from each plot and by selecting 15 leaves 
from randomly selected 15 plants. Data was recorded in such a way that one leaf from 
top portion of first plant, second leaf from middle portion of second plant and third leaf 
from bottom portion of third plant and so on . The data were recorded from the lower 
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side of the leaves early in the morning (Sohail et al., 2003; Amjad and Aheer, 2007; 
Arshad and Suhail, 2010). 
3.1.4   Host Plant Susceptibility Indices (HPSI) 
Host Plant Susceptibility Indices based of per leaf population of Jassid on 
different genotypes of Bt-cotton during 2009 and 2010 individually and on cumulative 
basis were determined by Excel software through an IBM Compatible Computer. The 
objective was to determine the level of susceptibility within the test genotypes of Bt-
cotton against the pest. However, the host plant susceptibility indices (HPSI) were also 
determined with the following formula: 
                                                      B-A 
                HPSI (%) =     100 -  ----------------   X 100 
                                                         B  
Where: A= Pest Population (Adult + nymph), on a single genotype 
 B = Total Pest Population (Adult + nymph), on all genotypes of the Bt-cotton. 
3.2 Role of weather in the expression of resistance 
The data on abiotic factors like maximum temperature, minimum temperature, 
average temperature, relative humidity and rainfall obtained from the observatory of the 
Physiology Division, Agronomy Research Institute, Faisalabad were processed for 
simple correlation with the population of the pest to determine the effect of these factors 
in population fluctuation. The same were also processed for multiple linear regression 
analysis of variance through steps to find the contribution of these factors individually 
and in their combinations on the population fluctuation of Jassid for both the study years 
i.e. 2009 and 2010. The IBM Compatible Computer with M-Stat package was used for 
the analysis.        
3.3    Methodology to Test Mechanism of Resistance 
3.3.1 Physico-Morphological Factors 
3.3.1.1. Hair Density  
 One leaf each from top, middle and bottom portion of three plants were plucked 
and the number of hairs were counted under a stereo binocular microscope. A 0.5 cm2 
sample was taken with the help of an iron made dye. The number of hairs was counted 
from midrib, vein and lamina from three different places of each leaf. The unit of 
measurement for midrib and vein was cm and for lamina was cm2. 
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3.3.1.2, Length of Hair 
 Length of hair was measured by an ocular micrometer from midrib, vein and 
lamina by counting six hairs from each site using stereo scope binocular microscope 
from the samples used for counting hairs density. 
3.3.1.3. Thickness of Leaf Lamina                                                   
 A cross section was made with the help of a fine sharp razor and the thickness of 
leaf lamina was measured from three different places of each leaf under a stereo scope 
binocular microscope with the help of an ocular micrometer. One leaf each from top, 
middle and bottom portion of three plants was taken into consideration.  
3.3.1.4. Gossypol Glands  
 One leaf each from top, middle and bottom portion of three plants were plucked 
and the number of gossypol glands were counted under a stereo binocular microscope. 
A 0.5 cm2 sample was taken with the help of an iron made dye. The number of gossypol 
glands was counted from midrib, vein and lamina from three different places of each 
leaf. The unit of measurement for midrib and vein was cm and for lamina was cm2. 
3.3.2 Chemical Factors 
3.3.2.1 Moisture Percentage in Leaves 
         Three leaf samples, each of 10 gm, from the top, upper and lower parts of various 
plants were plucked from every plot. All leaves, under experiment, were cleaned with a 
muslin cloth gently, weighed, classified and kept into a drying oven, run at 100 + 5oC, 
for 12 hours. The dry matter of leaves was weighed and put back into the oven, at the 
same temperature, for another 6 hours. After the weight of the dry material became 
constant, the moisture percentage was calculated, according to the following formula: 
 
                                  Wt. of fresh leaves –Wt. of dry leaves                                                  
Moisture %age =            __________________________________         x 100 
                                                        Wt. of fresh leaves 
Samples Digestion Procedure 
 Samples weighing 500 g. of top, bottom and middle leaves of each selected 
genotype of Bt-cotton were taken from each plot on August 07, 2010. These samples 
were brought in to the laboratory, washed with distilled water and kept into open air 
under shade for 3 hours. These were then dried in a drying oven run at 70 + 5oC for 12 
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hours. The oven-dried material was cut into pieces, and passed through 1 mm mesh 
sieve. The samples were stored in dry polyethylene bags for working out their chemical 
analysis.  
3.3.2.1 Total Minerals 
 I Weighed 2 g of dry leaf tissue powder from each sample, and put into a boron-
free fused silica crucible. The samples were burnt to ash in a Muffle furnace at 600oC 
for 5 hours. The dry matter after combustion was weighted and again put at the same 
temperature untill it was completely burnt to white/grayish ashes to a constant weight. 
The experiment was repeated three times. The total minerals were calculated as follows 
(Ranganna, 1977).  
     A              
Total Minerals (%)  ---------------- x 100   
     B 
A= Weight of the ash    
B= Weight of dried leaves 
3.3.2.2     Nitrogen (N) 
 0.5 g of dry leaf tissue powder from each sample was taken to determine the 
total nitrogen percentage in leaf tissues by the Kjeldahl Method (Winkleman et al. 
(1986).  
Determination of Nitrogen by Kjeldahl Method  
Apparatus 
 Block digester 
 Distillation unit  
 Automatic titrator connected to a pH-meter 
Regents 
 Digestion catalyst mixture (2S04) containing 0.1% solution) 
 Sulphuric acid, concentrated. 
 EDTA, regeant-grade disodium salt (m.w.=372.2) 
 Sodium hydroxide solution, 10 N. 
 Saturated boric acid. 
 Sulfuric acid, 0.01 N. 
 Ammonium standard solution 1.2 mg N/L 
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Procedure 
 The finely ground plant tissue was mixed and spread in a thin layer on a sheet of 
paper. 
 Representative sub-samples of about 1 g were taken and placed into plastic vials.  
 The sub sample was dried at 60 oC in an oven (overnight) and then was cooled in 
desiccators. 
 0.50 g portion of dry plant material was transferred quantitatively into 100-ml 
digestion tubes.  
 3 pumice boiling granules and 3 catalyst mixture was added using a calibrated 
spoon. 
 10 ml conc. H2SO4 was added using a dispenser and stirred with vortex tube 
stirrer until mixed well.  
 Tubes were placed in a block digester set a 38 oC and digestion continued for 1-
hr after cleaning. 
 When digestion was completed, tubes were removed, cooled and brought to 
volume (100 ml) with de-ionized water. 
 One reagent blank, one chemical standard (EDTA) 0.10 g and one standard plant 
sample (internal reference) were included in each batch for quality assurance.  
Determination of N by Distillation  
 The distillation apparatus was steamed out for at least 10-minutes 
 The plant digest in the tube was mixed and 20 ml of digest was taken in 100 ml. 
distillation flask. 
 Dispensed 10 ml. 10 N Na0H solution carefully and immediately connected the 
flask to distillation unit to begin distillation. 
 The timer was set at 4 min after distillation started flowing into the collection 
flask. 
 The distillation flash was removed an empty 100 ml. distillation flask was 
connected to the distillation unit. Water from the condenser jacket was drained 
and apparatus was steamed out for 90 sec. before connecting the next sample. 
 The distillate was titrated to pH 5 with standard 0.01N H2S04 using the auto-
titrator, and titration volume of acid was recorded. 
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Calculation 
Nitrogen % was calculated by the formula: 
     
(V-B) x AA (14.01) x R x 100 
Nitrogen (%) = ------------------------------------- 
         W x 1000  
Where  V= Sample titration volume (ml) 
B= Digestion blank titration volume (ml) 
A= Acid mortality 
R= Ratio of total digest volume to distillation volume 
W= Dry plant weight (g) 
3.3.2.3 Protein  
 Protein contents were determined from each sample by the following formula; 
  Protein (%) = Nitrogen contents in the leaf × 6.25 
3.3.2.4 Lipids 
Apparatus and Supplies  
 Soxhlet extraction apparatus. 
 Filter paper. 
 Absorbent cotton, free of petroleum ether extract. 
 Air tight sample containers. 
 Forced draft oven. 
 Metal or paper flat-bottom containers for pre-drying, 60-g capacity. 
 Fuming oven, a forced draft circulation oven thermostatically controlled to 
deliver heated air uniformly to the oven. 
 Fuming vessels, unglazed porous earthenware vessels. 
 Grinding mill. 
Reagents 
 Petroleum ether. 
 Hydrochloric acid (HCl) concentrated, sp. Gr.1.19, reagent grade 
Procedure 
 Weighed accurately 4 to 5-g of the ground sample into a filter paper and 
enclosed in a second filter paper folded in such a fashion as to prevent escape of 
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the sample. The second paper was left at the top like a thimble. A piece of 
absorbent cotton was placed in the top of the thimble to distribute the solvent as 
it drops on the sample. 
 Placed the wrapped sample in the soxhlet extraction tube and added about 225-
ml of petroleum ether into the tarred extraction flask before attaching to the tube.  
 Heated on a water bath at such a rate that the solvent dropped from the 
condenser on the center of the thimble at the rate of at least 150 drops per 
minute. 
 Kept the volume of solvent fairly constant by adding enough to make up for the 
loss due to evaporation. Continued extraction for 4 hours.  
 Cooled and disconnected the extraction flask. Evaporated the ether on a water 
bath until no odour of ether remained. A gentle stream of clean, dry air was used 
to facilitate removal of the solvent. Cooled to room temperature, carefully 
removed any moisture or dirt from the outside of the flask and weighed. 
Repeated heating until constant weight was obtained. 
Calculation  
        Weight of oil × 100 
Oil in ground sample (%)  =    --------------------------------- 
         Weight of sample 
3.3.2.5 Reducing Sugars 
Reagents 
 Fehling’s solution (A): Dissolved 69.28-g of (CuSO45H2O) in water, diluted to 
1000 ml.  
 Fehling’s solution (B): Dissolved 346 g of Rochelle salt (potassium sodium 
tartrate, KNaC4H4O6.4H2O) and 100 g NaOH in water and made up to 1000 ml. 
 Methylene blue indicator: Dissolved 1 g of methylene blue in 100 ml of water.  
 45% neutral lead acetate solution: Dissolved 225 g of neutral lead acetate in 
water and diluted to 500 ml. 
 22% potassium oxalate solution: Dissolved 110 g potassium oxalate 
(K2C2O4.H2O) in water and diluted to 500ml. Determined the exact amount of 
potassium oxalate solution necessary to precipitate the lead from the lead acetate 
solution. To obtain this value, pipetted 2 ml aliquots of the lead acetate solution 
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into each of six 50 ml beakers containing 25 ml water. To the beakers, added 
1.6, 1.7, 1.8, 1.9, 2.0 and 2.1 ml potassium oxalate solution, respectively. 
Filtered each through a 41 H Whatman paper and collected the filtrates in a 50 
ml conical flask. To each of the filtrates, added a few drops of potassium oxalate 
solution. The correct amount of potassium oxalate required was the smallest 
amount, which when added to 2 ml of lead acetate solution, gave a negative test 
for lead in the filtrate. In the presence of lead, the filtrate gave white precipitate 
with HCl or yellow precipitate with potassium chromate solution. The 
equivalent volume was marked on the bottle and employed when the solution 
was used in sugar determinations. 
 Standard invert sugar solution: Weighed accurately 9.5 g of AR sucrose into a 1 
litre volumetric flask. Added 100 ml water and 5 ml conc. HCl. Allowed to 
stand for 3 days at 20-25oC or 7 days at 15oC for inversion to take place, and 
then made up to mark with water. This solution is stable for several months. 
Pipetted 25-ml of the standard invert solution into a 100 ml volumetric flask and 
added about 50 ml water. Added a few drops phenolphthalein indicator and 
neutralize with 20% NaOH until the solution turns pink. Acidify with 1 N HCl 
adding it drop-wise until one drop causes the pink color to disappear. Make up 
to mark with water    (1 ml = 2.5 mg of invert sugar). 
Standardization of the Fehling’s Solution 
 Mixed equal quantities of Fehling’s solution (50 ml of A and 50 ml of B). 
Accurately pipetted out 100 ml of the mixed solution into a 250 ml conical 
flask. Added 25 to 50 ml of water. Took the standard invert solution 
prepared by inversion of sucrose in a 50 ml burette. Added to mixed 
Fehling’s solution almost the whole of the standard invert sugar solution 18 
to 19 ml required to effect the reduction of all the copper, so that not more 
than 1 ml will be required later to complete the titration. Heated the flask 
containing the cold mixture over a hot plate or burner covered with asbestos 
filled wire gauze. When the liquid began to boil, kept it in moderate 
ebullition for 2 minute. Without removing from the flame, added three drops 
of methylene blue indicator solution and completed the titration in a further 
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one minute, so that the reaction mixture boiled altogether for 3 minutes 
without interruption. The end point is indicated by the decolourization of the 
indicator. Noted the volume of the sugar solution required for completely 
reducing 10 ml of Fehling’s solution. The equivalent volume became 
20.37+0.05 ml. 
        Titre  × 100 
Factor for Fehling’s solution  =    --------------------------- 
        (g of invert sugar)            1000 
Procedure  
Methods of Titration 
 The sugar solution should be neutral. The concentration of the sugar solution 
should be such that the titre value ranges between 15 ml and 50 ml. Adjusted the sugar 
concentration in the solution taken for titration so as to contain 0.1 to 0.3 g of sugar per 
100 ml, when 10 ml of mixed Fehling’s solution was used. Initially, titrated by the 
incremental method. When the correct dilutions are established, perform subsequent 
titration by the standard method.  
Incremental Method of Titration  
 Pipetted 10 ml of the mixed Fehling’s solution into a 250 ml flask. Added 50 ml 
water. Filled the burette with the clarified sugar solution. Added from the burette, sugar 
solution sufficient to reduce almost completely the Fehling’s solution used. Mixed and 
heated to boiling on hot plate or burner covered with a clean asbestos-filled wire gauze. 
Boil for 15 seconds, if the colour remained blue (indicating that the Fehling’s solution 
was not completely reduced), added further 2-3 ml of the sugar solution. Boiled the 
solution for a few seconds. Added drops of methylene blue solution and completed the 
titration by adding the sugar solution drop-wise until the indicator was completely 
decolourized. Recorded the volume of solution required. The accuracy of the 
incremental method was increased by attaining the end point as rapidly as possible and 
by maintaining a total boiling period of 3 minutes. 
Standard Method of Titration 
 Pipetted 10 ml of mixed Fehling’s solution into each of two 250 ml conical 
flasks. Filled the 50-ml burette with the solution to be titrated. Run into the flask almost 
the whole volume of sugar solution required to reduce the Fehling’s solution, so that 0.5 
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ml to 1.0 ml was required later to complete the titration. Mixed the contents of the flask, 
and boiled moderately for 2 minutes. Then added three drops of the methylene blue 
solution, took care not to allow it to touch the side of the flask. Completed the titration 
within 1 minute by adding two to three drops of sugar solution at 5 to 10 second 
intervals, until the indicator was completely decolourized. At the end point, the boiling 
liquid assumed the brick-red colour of precipitated cuprous oxide, which it had before 
the indicator was added. Noted the volume of the solution required (Ranganna, 1977). 
       mg of invert sugar × dilution × 100 
Reducing sugars  (%)  =    -----------------------------------------------------  
         Titre × wt. or volume of the sample × 100 
3.3.2.6 Micro and Macro nutrients 
Wet digestion of plant tissue for macro and micro nutrient analysis 
Macro and micro nutrient determination were made from nitric-perchloric acid 
digest of plant tissues. The essential features of the method were as follows. 
Plant material (1.00 g. oven dry basis) was predigested in Taylor digestion tubes 
at room temperature in 100 ml. of a 2.1 mixture of HN02-HCL04 overnight or until the 
vigorous reaction phase was past. Small short stemmed funnels were placed in the 
mouth of the tubes to reflex acid. After the preliminary digestion, tubes were placed in a 
cold aluminum block digester and the temperature raised to 150oC for 1 hour after 
which U-shaped glass rods were placed under each funnel to permit exit of volatile 
vapours. Temperature was slowly increased until all traces of HNO3 had disappeared, 
after which the U-shaped glass rods were removed and the temperature rose to 235oC. 
Time was noted when dense white fumes of HC104 appeared in the tubes and digestion 
was continued for 30 minutes more. Samples were removed from the digester, allowed 
to cool for few minutes and a few drops of distilled water was added carefully through 
the funnel. After vapours had condensed, water was added in small increments washing 
down walls of tubes and funnels. Appropriate dilutions were made with distilled water. 
The solution of each tube was mixed and then left undisturbed for a few hours. 
Supernatant liquid was then decanted and Ca, Mg, Zn, Fe, Cu and Mn in the aliquots 
were analyzed by atomic absorption spectro-photometry (Wright and Stuczynski, 1996) 
Potassium in the plant digests was determined by flame photometry (Sparks, 1996) and 
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Phosphorus was determined colorimetrically by the vanadomolyhydro-phosphorus acid 
colour method (Jackson, 1958).  
 
3.4 Integration of Various Methods for the Control of Jassid on Bt-MG-06 Cotton 
One Bt-cotton genotype viz., MG-06 showing resistant response against jassid 
was selected from the screening trial during 2009 and 2010. The genotype was sown on 
May 09, 2011 in the farmer’s fields Chak No. 38/J.B. Dagora, District Faisalabad. The 
plot size was maintained as 4.58 m × 7.64 m and row to row distance as 0.76 m. There 
was gap of 5 m between plots to avoid the influence of treatments on the insect 
population in the neighboring plots (Men et al., 2003; Arshad and Suhail, 2010) and is 
given in Appendix 3. The following treatments were applied for the management of 
Jassid.        
 
Sr. #  Treatments Dose Methodology 
T1 Coccinella 
septumpunctata 
One 2nd Instar 
Larvae/plant 
Nine releases were done at weekly 
interval from 09.07.2011 to 
06.09.2011.  
T2 Chrysoperla carnea -ditto- -ditto- 
 
T3 Neem Seed Kernal 
Extract (Neemasol 
5%) 
1500 ml/ha Five sprays were done at 
fortnightly interval on 09.07.2011, 
23.07.2011,07.08.2011, 
22.08.2011 and 06.09.2011 using 
hand knap sac sprayer 
T4 Spinosad 240 SC 
(Tracer) 
125 ml/ha -ditto- 
T5 T1 + T2 As above Ditto as above  
T6 T1 + T3 -ditto- -ditto- 
T7 T1 + T4 -ditto- -ditto- 
T8 T2 + T3 -ditto- -ditto- 
T9 T2 + T4 -ditto- -ditto- 
T10 T3 + T4 -ditto- -ditto- 
T11 T1 + T2 + T4 -ditto- -ditto- 
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T12 T1 + T2 + T3 -ditto- -ditto- 
T13 T1 + T3 + T4 -ditto- -ditto- 
T14 T2 + T3 + T4 -ditto- -ditto- 
T15 T1 + T2 + T3 + T4 -ditto- -ditto- 
T16 Control - - 
 There were five rows in each plot. The treatments were applied in random 
arrangement. The data on the density counts of Jassid (adult and nymph) were recorded 
from 15 leaves one each from upper, middle and bottom portion by randomly selected 
fifteen plants from each plot at weekly interval. Chlorfenapyr 36%SC at the rate of 308 
ml/ha sprayed on June 04, 2011 as cover spray for the control of thrips and 
Pyriproxyfen 10.8% EC at the rate of 1335 ml/ha was applied three times on 
22.08.2011, 15.09.2011 and 22.09.2011 for the control of whitefly as cover spray. Seed 
cotton yield data were also recorded from each plot.  
3.5  Cost Benefit Ratio 
 
 Cost benefit ratio (CBR) in resistant genotypes for each treatment was calculated 
in order to determine the most economical and effective control method for 
recommendation to the farmer.     
Total Income/Total Expenditure = CBR 
3.6 Statistical Analysis 
The data regarding population of Jassid obtained from host plant resistance section, bio-
intensive management and physico-morphic and chemical plant characters studies were 
analyzed statistically using RCBD Design with the objective to find the significance 
among genotypes/treatments. The means were separated by DMR Test at P = 0.05. The 
data regarding population of Jassid were also processed into simple correlation and 
multiple linear regression analysis of variance along with coefficient of determination 
values with the weather factors for 2009 and 2010 individually and on cumulative basis 
with the objective to find the role of weather factors in the expression of resistance. 
Similarly the data regarding the population in selected genotypes of Bt-cotton were also 
processed for simple correlation with the physico-morphological and chemical plant 
characters and the characters which showed significant correlations were processed for 
multiple regression analyses with the physico-morphological and chemical plant 
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characters with the objective to find their role/impact toward population fluctuation of 
the pest. The data were transformed by square root transformation before calculation of 
correlation and multiple regression analysis of variance.     
 
 
 
 
CHAPTER 4 
RESULTS 
The study was conducted to manage the population of Jassid, Amrasca biguttula 
biguttula (Ishida) through bio-intensive tactics under field conditions during 2009 to 
2011. Twenty genotypes of Bt -cotton viz., AA-703, Auriga-101, Auriga-213, BH-178, 
Bt-121, CA-11, CA-12, CIM-595, FH-4243, IR-824, MG-06, KZ-389, MNH-856, 
MNH-886, PSC-2, PSC-3, SB-149, Sitara-008, Tarzan-1 and VH-259 were sown 
following RCBD replicated thrice in the farmer’s field during 2009 as a preliminary 
screening trial. Based on population density count, six genotypes (two showing resistant 
response, two intermediate and two susceptible response) were selected for the final 
screening trial during 2010. Various physico-morphic and chemical plant characters 
were studied on selected genotypes of Bt-cotton.  The bio-intensive management tactics 
were applied on a selected resistant genotype of Bt-cotton during 2011 and find out the 
cost benefit ratio.  The results are presented under the following sub-sections: 
Section I 
4.1 Host Plant Resistance  
4.1.1     Preliminary Screening Trial During 2009 
4.1.1.1 Varietal Variation Based on Per Seedling Population 
 The data regarding Jassid population per seedling on different genotypes of Bt-
cotton during 2009 are given in Appendix 4. The analysis of variance of the data reveals 
that genotypes differed significantly at P < 0.01 (Table 1). The means were compare by 
DMR Test at P=0.05 (Table 1a). It is evident from the results that the genotype Auriga-
213 was found to be susceptible, showing maximum Jassid population i.e. 1.53 per 
seedling and did not differ significantly from that of recorded on CIM-595 and PSC-2 
with 1.52 and 1.50 Jassid per seedling, respectively.  The genotype IR-824 was found to 
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be immune, showing zero number of Jassid per seedling and did not show significant 
difference with those of recorded on AA-703, Sitara-008 and MG-06 with 0.02, 0.02 
and 0.03 Jassid per seedling , respectively. Non significant difference was found to exist 
among MNH-886, PSC-3, SB-149, KZ-389, Auriga-101 and CA-12 showing 1.30, 1.30, 
1.25, 1.20, 1.15 and 1.15 Jassid per seedling, respectively. The genotype Tarzan-01 
showing 0.70 Jassid per seedling did not differ significantly from those of recorded on 
BH-178, VH-259 and MNH-886 with 0.73, 0.75 and 0.80 Jassid per seedling, 
respectively. The genotypes FH-4243, Bt-121 and CA-11 also showed non significant 
variation with one another having 1.02, 0.92 and 0.87 Jassid per seedling, respectively. 
From these results it is concluded that the genotype Auriga-213 was susceptible whereas 
IR-824 appeared as resistant.   
Table 1: Analysis of Variance of the Data Regarding Jassid Population per 
  Seedling on Different Genotypes of Bt-Cotton During 2009. 
 
Source of 
Variance 
Degree of 
Freedom 
Sum of 
Square 
Mean Square F. Value 
Replication 2 0.01 0.004 0.23 
Dates of 
Observation 
1 85.51 85.514 5007.58 ** 
Genotypes 19 30.20 1.589 93.07 ** 
D × G 19 26.78 1.410 82.54 ** 
Error 78 1.33 0.017  
CV= 14.72%. 
**= Significant at P < 0.01. 
 
Table 1a: Means Comparison of the Data Regarding Jassid Population per   
Seedling on Different Genotypes of Bt-Cotton during 2009. 
 
Sr. # Original Order Ranked Order 
Name of 
Genotypes 
Means Name of 
Genotypes 
Means 
1 AA-703 0.02 h AURIGA -213 1.53 a 
2 AURIGA-101 1.15 bc CIM-595 1.52 a 
3 AURIGA-213 1.53 a PSC-2 1.50 a 
4 BH-178 0.73 fg MNH-886 1.30 b 
5 Bt-121 0.92 de PSC-3 1.30 b 
6 CA-11 0.87 def SB-149 1.25 b 
7 CA-12 1.15 bc KZ-389 1.20 b 
8 CIM-595 1.52 a AURIGA-101 1.15 bc 
9 FH-4243 0.02 cde CA-12 1.15 bc 
10 IR-824 0.00 h FH-4243 1.02 cd 
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11 MG-06 0.03 h BT-121 0.92 de 
12 KZ-389 1.20 b CA-11 0.87 def 
13 MNH-856 0.80 efg MNH-856 0.80 efg 
14 MNH-886 1.30 b VH-259 0.75 fg 
15 PSC-2 1.50 a BH-178 0.73 fg 
16 PSC-3 1.30 b TARZAN-01 0.70 g 
17 SB-149 1.25 b MG-06 0.03 h 
18 SITARA-008 0.02 h AA-703 0.02 h 
19 Tarzan-1 0.70 g  SITARA-008  0.02 h 
20 VH-259 0.75 fg IR-824 0.00 h 
LSD at  0.1498.   
SE =  + 5.3229 E-02. 
Means sharing similar letters are not significantly different by DMR Test. 
 
4.1.1.2 Varietal Difference Based on Per Leaf Population  
 The data pertaining to Jassid population per leaf on different genotypes of Bt-
cotton at various dates of observation during 2009 are depicted in Appendix 5.  The 
analysis of variance of the same reveals significant difference among genotypes, dates 
of observation and in their interactions at P < 0.01 (Table 2). The means were compared 
by DMR Test P = 0.05 (Table 2a). the results reveal that the genotype Auriga-101 was 
found susceptible showing maximum Jassid population per leaf i.e. 2.11 and did not 
differ significantly from those of observed on MNH-886, CIM-595, PSC-2 and Auriga-
213 showing 2.11, 2.09, 2.08 and  2.07 Jassids per leaf, respectively.  The genotype 
MG-06 was appeared as comparatively resistant with minimum population of Jassid i.e. 
1.08 per leaf and did not show significant difference with those of recorded on AA-703 
and Sitara-008 with 1.12 and 1.13 Jassid per leaf, respectively. The genotype IR-824 
showed 1.19 Jassid per leaf and also did not show significant difference with those of 
recorded on Sitara-008 and AA-703.Non significant difference was also found to exist 
among MNH-856, FH-4243, Bt-121, CA-12, Tarzan-1, VH-259, KZ-389, BH-178 and 
CA-11 with 1.58, 1.58, 1.57, 1.57, 1.57, 1.56, 1.56, 1.55 and 1.53 Jassids per leaf, 
respectively. 
 The genotype SB-149 possessed 2.00 Jassid per leaf and did not show 
significant difference with those of recorded on PSC-3 showing 2.01 Jassid per leaf. 
Keeping in view the above results, the genotypes were categorized in descending orders 
towards susceptibility as under: 
Auriga-101 > MNH-886 > CIM-595 > PSC-2 > Auriga-213 > PSC-3 > SB-149 > 
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MNH-856 > FH-4243 > BT-121 > CA-12 > Tarzan-1 > VH-259 > KZ-389 > BH-178 > 
CA-11 > IR-824 > Sitara-008 > AA-703 > and MG-06.   
 From the above results two genotypes showing minimum population of Jassid 
i.e. MG-06 and AA-703, two genotypes showing maximum Jassid population i.e. 
Auriga-101 and MNH-886 and two genotypes viz. BT-121 and CA-12 showing 
intermediate response were selected for final screening trial during 2010.   
Table 2: Analysis of Variance of the Data Regarding Jassid population per 
                        Leaf on different genotypes of Bt-cotton during 2009.  
 
Source of 
Variance 
Degree of 
Freedom 
Sum of 
Square 
Mean Square F. Value 
Replication 2 0.12 0.059 2.20 
Dates of 
Observation (D) 
15 1849.83 123.322 4579.36 ** 
Genotypes (G) 19 114.21 6.011 223.21** 
D × G 285 144.49 0.507 18.83 ** 
Error 638 17.18 0.027  
CV= 9.92 % 
**= Significant at P < 0.01. 
Dates of observation = D 
Genotypes = G 
Table 2a: Means Comparison of the Data Regarding Jassid Population per 
Leaf on Different Genotypes of Bt-Cotton during 2009. 
 
Sr. # Original Order Ranked Order 
Name of 
Genotypes 
Means Name of 
Genotypes 
Means 
1 AA-703 1.12 ef AURIGA-101 2.11 a* 
2 AURIGA-101 2.11 a MNH-886 2.11 a* 
3 AURIGA-213 2.07 ab CIM-595 2.09 a 
4 BH-178 1.55 d PSC-2 2.08 ab 
5 Bt-121 1.57 d AURIGA-213 2.07 ab 
6 CA-11 1.53 d PSC-3 2.01 bc 
7 CA-12 1.57 d SB-149 2.00 c 
8 CIM-595 2.09 a MNH-856 1.58 d 
9 FH-4243 1.58 d FH-4243 1.58 d 
10 IR-824 1.19 e BT-121 1.57 d** 
11 MG-06 1.08 f CA-12 1.57 d** 
12 KZ-389 1.56 d Tarzan-1 1.57 d 
13 MNH-856 1.58 d VH-259 1.56 d 
14 MNH-886 2.11 a KZ-389 1.56 d 
15 PSC-2 2.08 ab BH-178 1.55 d 
16 PSC-3 2.01 bc CA-11 1.53 d 
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17 SB-149 2.00 c IR-824 1.19 e 
18 SITARA-008 1.13 ef SITARA-008 1.13 ef 
19 Tarzan-1 1.57 d AA-703 1.12 ef*** 
20 VH-259 1.56 d MG-06 1.08 f*** 
LSD at 5% = 6.586E-02. 
SE = + 2.3717E-02. 
Means sharing similar letters are not significantly different by DMR Test.  
*=Susceptible genotype 
**=Intermediate genotype 
***=Resistant genotype 
4.1.1.3 Variation in Population at Various Dates of Observation  
 The results regarding variation in population abundance at different dates of 
observation during 2009 (Fig 1) reveal that maximum population was recorded to be 
4.12 per leaf on August 08, 2009 and differed significantly from those of recorded at all 
the dates of observation. The population was appeared on 10.6.2009 showing 0.22 
Jassid per leaf and a significant increasing trend was observed thereafter untill 
01.8.2009 which showed 4.12 Jassid per leaf that was the highest peak of the season. A 
significant and continuous decreasing trend was observed thereafter on the subsequent 
dates of observation to a minimum level of 0.29 Jassid per leaf on 26-09-2009. Keeping 
in view the above results, it is concluded that the last two weeks of July and the first two 
weeks of August were the most suitable durations for the development of the pest.  
Fig 1: Means Comparison of the Data Regarding Jassid Population per Leaf on 
 Different Genotypes of Bt-Cotton at Various Dates of Observation 
 during 2009. 
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LSD = 5.891E-02. 
SE = + 0.0212. 
Means sharing similar letters are not significantly different by DMR Test.  
 
4.1.2 Final Screening Trial during 2010 
 Six genotypes of Bt-cotton viz. Auriga-101, MNH-886 (comparatively 
susceptible), Bt-121, CA-12 (showing intermediate response to Jassid population), AA-
703 and MG-06 (showing resistant response to Jassid population) were selected from 
preliminary screening trial during 2009. These genotypes were grown for final 
screening experiments during 2010. 
4.1.2.1 Varietal Variation Based on Per Seedling Population 
 The data pertaining to per seedling Jassid population on various selected 
genotypes of Bt-cotton at various dates of observation are presented in Appendix 6. The 
analysis of variance of the data reveals significant difference among genotypes, dates of 
observation and in the interaction between dates of observation and genotypes at P < 
0.01 (Table 3). The means were compared by DMR Test at P=0.05 (Table 3a). It is 
evident from the results (Table 3a Column d) that the genotype Auriga-101 showed 
maximum population of Jassid per seedling i.e. 0.41 and did not differ significantly 
from those of recorded on MNH-886 with 0.44 per seedling Jassid population. The 
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minimum Jassid population was recorded to be 0.06 per seedling on MG-06 and also 
did not show significant variation with those of recorded on AA-703 with 0.09 Jassid 
per seedling. The genotype CA-12 and BT-121 appeared as intermediate, showing 0.23 
and 0.26 Jassid per seedling, respectively and did not differ with each other. From these 
results it is concluded that the genotype Auriga-101 was found to be the most 
susceptible whereas MG-06 appeared comparatively resistant.   
Table 3: Analysis of Variance of the Data Regarding Jassid Population per 
         Seedling on Different Genotypes of Bt-Cotton During 2010.  
Source of 
Variance 
Degree of 
Freedom 
Sum of 
Square 
Mean Square F. Value 
Replication 2 0.00 0.001 0.18 
Dates of 
Observation 
2 2.29 1.144 159.29 ** 
Genotypes 5 1.15 0.230 32.05 ** 
D × G 10 0.71 0.071 9.90 ** 
Error 34 0.24 0.007  
CV= 34.14 
**=Significant at P < 0.01. 
Dates of observation = D 
Genotypes = G 
Table 3a: Comparison of means for Data Regarding Jassid Population per 
Seedling on various Selected Genotypes of Bt-Cotton at Various Dates of 
Observation During 2010. 
 
 
Name of 
Genotypes 
Dates × Genotypes (LSD=0.138, SE=+4.830E-02)  Average 
(LSD=8.015E-02, 
SE=+2.788E-02) 
(D) 
May 17  
(A) 
May 24  
(B) 
May 31  
(C) 
Auriga-101 0.03 h 0.37 cd 0.83 a 0.41 a 
MNH-886 0.07 gh 0.00 cde 0.93 a 0.44 a 
BT-121 0.00 h 0.23 def 0.53 b 0.26 b 
CA-12 0.00 h 0.23 def 0.47 bc 0.23 b 
AA-703 0.00 h 0.07 gh 0.20 efg 0.09 c 
MG-06 0.00 h 0.03 h 0.13 fgh 0.06 c 
Average 
(LSD=5.667E-02, 
SE=+1.972E-02) 
0.08 c 0.21 b 0.52 a  
Means sharing similar letters are not significantly different in row and column for 
A, B, and C and in average column and row by DMR Test. 
 
4.1.2.2  Varietal Variation Based on Per Leaf Population   
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 The data (Appendix 7) regarding Jassid population per leaf on different selected 
genotypes of Bt-cotton reveal significant difference among genotypes (Table 4).  It is 
evident from the results (Table 4a) that the genotype Auriga-101 was susceptible, 
showing maximum Jassid population per leaf i.e. 2.31 and did not differ significantly 
with those of recorded on MNH-886, with 2.28 Jassid per leaf.  The genotype MG-06 
was proved as resistant showing minimum Jassid population i.e. 1.05 per leaf and also 
did not differ significantly with those of recorded on AA-703 with 1.09 Jassid per leaf. 
The population of Jassid was recorded to be 1.53 and 1.55 per leaf on Bt-121 and CA-
12 and were found to be intermediate.   
Table 4: Analysis of Variance of the Data Regarding Jassid population per 
                       Leaf on different Selected genotypes of Bt-Cotton during 
2010. 
Source of 
Variance 
Degree of 
Freedom 
Sum of 
Square 
Mean Square F. Value 
Replication 2 0.01 0.004 0.15 
Dates of 
Observation 
17 675.28 39.722 1432.74 ** 
Genotypes 5 82.21 16.441 593.02 ** 
D × G 85 105.00 1.235 11.55 ** 
Error 214 5.93 0.028  
CV= 10.18 % 
**=Significant at P < 0.01. 
 
Table 4a: Means Comparison of the Data Regarding Jassid Population per 
                        Leaf on Different Genotypes of Bt-Cotton during 2010. 
 
 
Name of Genotypes Means 
Auriga-101  2.31 a 
MNH-886 2.28 a 
BT-121 1.53 b 
CA-12 1.55 b 
AA-703 1.09 c 
MG-06 1.05 c 
LSD at 5% = 6.347E-02. 
SE = + 0.0227. 
Means sharing similar letters are not significantly different by DMR Test.  
 
4.1.2.3 Variation in Population at Various Dates of Observation 
 The data (Appendix 6, Table 3 and Table 3a) pertaining to per seedling 
population at various dates of observation reveal significant difference. The highest 
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population was recorded to be 0.52 per seedling on May 31, 2010 and differed 
significantly from those of recorded on May 17 and May 24 with 0.08 and 0.21 per 
seedling jassid density, respectively. From these results, it is evident that an increasing 
trend was observed on all the genotypes of Bt-cotton at various dates of observation 
under study. All the genotypes showed highest population of Jassid per seedling 
recorded on May 31 as compared to recorded on May 24 and May 17.  The data 
(Appendix 7, Table 4 and Fig 2) relating to jassid population at various dates of 
observation reveal significant difference.  The population of Jassid was 0.05 appeared 
on 7.6.2010 and a continuous increasing trend was observed thereafter till its maximum 
peak i.e. 3.95 per leaf on 16.8.2010. A tremendous decrease was observed thereafter on 
the subsequent dates of observation and the population reached a minimum level of 0.46 
on 5.10.2010. From these results it is concluded that the period started from 25.7.2010 
and ending to 31.8.2010 was the most crucial showing maximum Jassid population per 
leaf on cotton genotypes.  
 
 
 
Fig 2: Means Comparison of the Data regarding Jassid Population per Leaf  on 
 Selected Genotypes of Bt-Cotton at various Dates of Observation 
 during 2010. 
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Means sharing similar letters are not significantly different by DMR Test.  
 
4.1.3  Host Plant Susceptibility Indices 
 
 Host plant susceptibility indices were determined based on population density 
count on per seedling and on per leaf basis during both the study years for preliminary 
and final screening trials individually as well as on their average basis.. The objective of 
these studies is to find the susceptible trend of individual genotype on the basis of total 
population density count. The results are depicted as under:  
4.1.3.1 Preliminary Screening Trial   
 
i) HPSI Based on Per Seedling Population during 2009  
 
 The results regarding HPSIs based on Jassid population seedling on different 
genotypes of Bt-cotton during 2009 are depicted in Fig 3. The results reveal that the 
genotype Auriga-213 and CIM-595 showed maximum HPSI i.e. 9 % and proved to be 
susceptible. The genotype MG-06, AA-703, Sitara-008 and IR-824 had zero % HPSI 
and appeared comparatively resistant. The genotype PSC-2 showed 8% HPSI followed 
by those of MNH-886, PSC-3, SB-149 and KZ-389 with 7 % HPSI each. The genotype 
Auriga-101, CA-12 and FH-4243 had 6 % HPSI each and Bt-121, CA-11 and MNH-
856 showed 5 % HPSI each.  Tarzan-01, VH-259 and BH-178 had 4 % HPSI each. 
From these results, it is concluded that the genotype Auriga-213 and CIM-595 had 
maximum HPSI whereas MG-06, AA-703, Sitara-008 and IR-824 had minimum HPSI. 
Fig 3.  Host Plant Susceptibility Indices based on Jassid Population per Seedling 
        on different Genotypes of Bt-Cotton during 2009.  
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      ii) HPSI Based on Per Leaf Population during 2009 
 The results regarding HPSIs based on Jassid population per leaf on various 
genotypes of Bt-cotton during 2009 are given in Fig 4.  It is evident from the results that 
the genotypes Auriga-101, MNH-886, CIM-595, PSC-2, Auriga-213, PSC-3 and SB-
149 showed maximum HPSI i.e. 6% each and appeared comparatively susceptible to 
Jassid population. The minimum HPSI was recorded to be 3 % each on Sitara-008, AA-
703 and MG-06 and found to be comparatively resistant to the Jassid attack. The HPSI 
was observed to be 4 % in IR-824 whereas 5 % HPSI was recorded each on CA-11, BH-
178, KZ-389, VH-259, Tarzan-1, CA-12, BT-121, H-4243 and MNH-856 and were 
categorized as intermediate in response to Jassid attack. 
 
 
Fig 4.  Host Plant Susceptibility Indices based on Jassid Population per Leaf on 
Various Genotypes of Bt-Cotton during 2009.  
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4.1.3.2 Final Screening Trial 
    i)      HPSI Based on Per Seedling population during 2010  
 Based on per leaf population density count in preliminary screening trial, during 
2010, six genotypes viz. Auriga-101, MNH-886, BT-121, CA-12, AA-703 and MG-06 
were selected. The HPSIs based on Jassid population per seedling on different selected 
genotypes of Bt-cotton are depicted in Fig 5. It is evident from the results that the 
genotype Auriga-101 showed maximum HPSI i.e. 29 % and found to be susceptible 
whereas the minimum HPSI was recorded to be 4 % on genotype MG-06 and proved 
comparatively resistant based on Jassid population per seedling. The genotype MNH-
886, BT-121, CA-12 and AA-703 had 24, 19, 17 and 7 % HPSI values, respectively and 
showed an intermediate trend. 
 
 
 
 
 
 
Fig 5.  Host Plant Susceptibility Indices based on Jassid Population per Seedling 
on different Selected Genotypes of Bt-Cotton during 2010.  
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     ii)   HPSI Based on Per Leaf Population During 2010 
 The results regarding HPSIs based on Jassid population per leaf on various 
selected genotypes of Bt-cotton during 2010 are given in Fig 6. It is evident from the 
results that the genotype Auriga-101 and MNH-886 had maximum HPSI i.e. 23 % each 
and proved to be susceptible. The minimum HPSI was recorded to be 11 % each on 
AA-703 and MG-06 which were found comparatively resistant to Jassid population on 
per leaf basis. The genotypes BT-121 and CA-12 each had 16 % HPSI and were found 
intermediate. 
Fig 6.  Host Plant Susceptibility Indices based on Jassid Population per Leaf on 
            Various Selected Genotypes of Bt-Cotton during 2010.  
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 The results relating to HPSIs based on Jassid population per seedling on 
different selected genotypes of Bt-cotton during 2009 and 2010 (average) are depicted 
in Fig 7. It is evident from the results that the genotype MNH-886 was proved   
susceptible based on Jassid population per seedling showing maximum HPSI i.e. 27 % 
whereas Auriga-101 showed 26 % HPSI. The genotype AA-703 and MG-06 had 2 % 
HPSI each and appeared comparatively resistant.  The genotype CA-12 with 23 % HPSI 
and BT-121 with 20 % HPSI categorized as intermediate.   
Fig 7.  Host Plant Susceptibility Indices based on Jassid Population per Seedling 
on  different Selected Genotypes of Bt-Cotton during 2009 and 2010 
 (Average).  
 
 
 
 
ii) HPSI Based on Per Leaf Population of Jassid During 2009 and 2010 
 The results regarding HPSIs based on Jassid population per leaf on various 
selected genotypes of BT cotton during 2009 and 2010 (average basis) are depicted in 
Fig 8. It is evident from the results that the genotype Auriga-101 and MNH-886 showed 
23 % HPSI each and proved susceptible genotype whereas the genotype AA-703 and 
MG-06 showed comparatively resistant trend against Jassid population per leaf showing 
11 % HPSI each. The HPSI was recorded to be 16 % in genotypes BT-121 and CA-12 
which categorized as intermediate. 
Fig 8.  Host Plant Susceptibility Indices based on Jassid Population per Leaf on 
          Various Selected Genotypes of Bt-Cotton during 2009 and 2010 (Average). 
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Section II 
4.2 Role of weather in Population Fluctuation of Jassid on Bt-Cotton 
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 The data regarding weather factors includes maximum temperature, minimum 
temperature, average temperature, relative humidity and rainfall were obtained from the 
Physiology Department, Ayub Agricultural Research Institute, Faisalabad and were 
processed for simple correlation and multiple regression Analysis of variance with the 
per leaf population of Jassid recorded during 2009 and 2010. The objective of this study 
is to find the impact of weather factors on population fluctuations of the pest during 
both the study years, separately, and on cumulative basis. The results are given as 
below:  
4.2.1 Population of Jassid Versus Weather Factors 
a) During 2009 
The results shown in Fig 9 reveal that the minimum population was recorded to 
be 0.22 per leaf on June 10, 2009. This population was increased subsequently and 
reached to a peak up to 4.12 per leaf on August 01, 2009 at prevailing condition of 
maximum tempt. i.e. 37.10 OC, minimum temperature i.e. 26.80 OC, average 
temperature i.e. 31.90 OC, relative humidity i.e. 64.55 % and rainfall i.e. 5.60 mm and 
these conditions were proved to be the best for the development of the pest under study. 
The population of jassid then decreased thereafter on the subsequent dates of 
observation and reached to a level of 0.29 per leaf. Thus there was only one peak of 
jassid population found during 2009.  
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Fig 9.  Population of Jassid per Leaf versus Weather Factors during 2009 
 
 
 
 
b) During 2010 
The results depicted fig. 10 reveal that minimum population of jassid was recoreded to 
be the 0.05 per leaf on June 07, 2010. An increasing trend was observed thereafter on 
the subsequent dates of observation and reached to a maximum level of 3.95 per leaf on 
August 16, 2010. The population of the pest was decreased thereafter subsequently and 
reached to a level of 0.46 per leaf on October 05. From these results it was observed that 
maximum temperature of 35.36 OC, Minimum temperature of 23.96 OC, average 
temperature of 29.66 OC, Relative humidity of 78.25% and rainfall of 140. 07 mm 
favored the pest development and found the most suitable weather condition. 
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Fig. 10 Population of Jassid per Leaf versus Weather Factors during 2010 
 
 
 
4.2.2 Simple Correlation  
 The results regarding effect of weather factor on the population fluctuation of 
Jassid (nymph +adult) during various study years on Bt-cotton are given in Table 5.  
The results reveal that minimum temperature during 2009 showed significant (P < 0.01) 
and positive correlation with the pest population whereas maximum temperature during 
2010 exerted negative and significant (P < 0.01) correlation with the pest density. 
Furthermore, relative humidity and rainfall during 2010 and on cumulative basis of 
2009 and 2010 resulted in significant (P < 0.01) and positive correlations with the Jassid 
population.   
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Table 5: Effect of weather factors on the population fluctuation of Jassid (nymph + 
adults) during various study years on Bt-Cotton. 
 
 
Year Parameter Temperature (oC) RH (%) Fain fall 
(mm) Maximum Minimum Average 
2009 r-value -0.096 0.667** 0.219 0.320 0.163 
SE +0.307 +0.124 +0.175 +0.933 +1.699 
P-value 1.00 0.004 1.00 +0.227 0.227 
2010 r-value -0.558** 0.268 -0.349 0.835** 0.825** 
SE +0.212 +0.238 +0.229 +0.549 +2.962 
P-value .016 0.283 0.155 0.00 0.00 
Cumulative r-value -0.321 0.362 -0.117 0.591** 0.566** 
SE +0.259 +0.255 +0.225 +0.799 +3.467 
P-value 0.063 1.00 1.00 0.00 0.00 
**=Significant at P < 0.01. 
 
4.2.3 Linear Regression Models 
 The results relating to linear regression analysis of variance between Jassid 
populations per leaf and weather factors during both the study years separately and on 
cumulative basis are presented in Table 6. It is evident from these results that during 
2009, minimum temperature was the most important and contributed 65.2 % role in per 
unit change of pest density followed by average temperature which exerted 10.2 % 
contribution on per leaf population change. The other factors had negligible effect. The 
overall effect of weather factors when computed cumulatively resulted in 77.1 % role in 
population change of the pest. Furthermore, minimum temperature had a positive and 
significant impact in all the regression models and was found to be the most important.  
 The results pertaining to linear regression analysis between weather factors and 
Jassid population  during 2010 reveal that minimum temperature again  contributed the 
maximum i.e. 42.3 % role in per unit change of pest density followed by maximum 
temperature which exerted 31.1 %  role in per unit change of the pest. The effect of all 
the factors when computed together was observed to be 91.6 %. Average temperature, 
relative humidity and rainfall showed 2.4, 6.7 and 9.1 % contribution in population 
fluctuation of the pest, respectively.  From these results it is evident that minimum 
temperature and maximum temperature was the most important factors which exerted 
maximum role in per unit change of the pest.  Furthermore all the regression equation 
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was found to be fitted the best.  The results pertaining to the effect of weather factor and 
the population count for both the study years   computed cumulatively reveal that 
minimum temperature again contributed the maximum role i.e. 32.3 % in population 
fluctuation of the pest followed by average temperature, minimum temperature, rainfall 
and relative humidity with 10.4, 10.3, 8.2 and 5.1 % contribution in per unit population 
change, respectively.  It is evident from the above results that minimum temperature is 
the most important characters which plays a significant role in population fluctuation of 
the pest during both the study years, separately and on cumulative basis.      
Table 6: Multiple Linear Regression Models Among the Population of Jassid 
 (nymphs + Adults) per Leaf and weather Factors during various years. 
2009 
 Regression Equation R2 100-R2 Impact 
(%) 
S.E. F. value 
Y=  2.341 -0.1553X1  0.009 0.90 0.90 0.13 0.500 
**Y= -7.3859-
0.857X1**+2.754** 
0.661 66.1 65.2 12.66 0.303 
**Y= -5.633-0.022X1+ 
4.327**X2-2.629 X3* 
0.754 75.4 10.2 12.29 0.269 
**Y= -4.850-0.0269X1+ 
4.597X2**-2.942X3*-
0.046X4 
0.759 75.9 0.5 8.67 0.278 
**Y= -5.172-0.134X1 + 
4.567**X2 – 2.770X3 
– 0.013X4 – 0.041X5 
0.771 77.1 1.2 6.75 0.284 
2010 
 Regression Equation R2 100-R2 Impact 
(%) 
S.E. F. 
value 
**Y=  8.320 – 1.138x1** 0.311 31.1 31.1 0.434 7.22 
**Y= 5.398-1.943X1** + 
1.606X2** 
0.734 73.4 42.3 0.278 20.72 
**Y= 5.394-1.788X1** + 
1.848X2**-0.718X3 
0.758 75.8 2.4 0.275 14.61 
**Y= -
3.545+0.193X1+1.035X2*-
0.332X3-0.368X4* 
0.825 82.5 6.7 0.242 15.35 
**Y= -3.208 + 
0.763X1+0.773X2-
1.112X3*+0.253X4* 
+0.053X5** 
0.916 91.6 9.1 0.175 26.23 
Cumulative 
 Regression Equation R2 100-
R2 
Impact 
(%) 
S.E. F. 
value 
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Y=  4.950-0.583X1 0.103 10.3 10.3 0.470 3.68 
**Y= 1.470-1.105X1**+1.339X2** 0.426 42.6 32.3 0.382 11.49 
**Y= 2.075-0.394X1+2.171X2**-
1.630 X3** 
0.530 53.0 10.4 0.352 11.27 
**Y= -1.622-0.106X1+1.703X2**-
0.111 X3+0.177X4 
0.581 58.1 5.1 0.338 10.03 
**Y= -1.218-0.009X1+1.730X2**-
1.218X3*+0.086X4+0.041X5** 
0.663 66.3 8.2 0.308 11.04 
Where: 
X1=Maximum temperature (oC)  X2=Minimum temperature (oC) 
X3=Average temperature (oC)  X4=Relative humidity (%) 
X5=Rainfall (mm)    R2=coefficient of determination 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SECTION III 
 
4.3 Role of Physico-Morphological and Chemical Plant Characters in the 
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Expression of Resistance 
 
 Various physico-morphological (hair density, length of hair and gossypol glands 
on midrib vein and lamina and thickness of leaf lamina) and chemical plant characters 
(moisture percentage, total minerals, nitrogen, protein, lipids, reducing sugar, calcium, 
magnesium, phosphorus, potassium, copper, zinc, manganese and iron were determined 
from plant leaves of various selected genotypes of Bt-cotton with the objective to 
determine the variation in genotypes.  These factors were processed for simple 
correlation and the factors which showed significant correlation with the pest population 
were computed for multiple linear regression analysis of variance with the objective to 
find the impact of these factors individually as well as in their possible combinations 
through steps.  The results are described under the following sub-sections: 
 
4.3.4 Varietal Variation in Physico-morphological Plant Characters 
v) Hair Density 
d)       Midrib 
 
The data regarding hair density on midrib in various selected genotypes of Bt-
cotton are given in Appendix 10, Column A.  The results reveal significant (P < 
0.01) difference among genotypes (Table 7, Column A). The means were 
compared by DMR test at P = 0.05 (Table 8). It is evident from the results that 
the genotypes MG-06 showed maximum hair density on midrib i.e. 30.46 cm-1 
and this differed significantly from those of observed on the leaves of all other 
genotypes. The minimum hair density on midrib was recorded to be 15.39 cm-1 
on MNH-886 and did not differ significantly with those of recorded on Auriga-1 
showing 16.03 cm-1. Non- significant difference was found to exist in between 
BT-121 and CA-12 showing 19.71 and 21.82 cm-1 hair density on midrib, 
respectively. The genotype AA-703 possessed 26.63 cm-1 hair density on midrib 
and differ significantly from those of recorded on all other genotypes. From 
these results it is concluded that MG-06 had maximum hair density whereas 
MNH-886 showed minimum hair density on midrib.  
 
b)   Vein 
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 The data pertaining to the number of hair on vein in the leaves of various 
selected genotypes of Bt-cotton are depicted in Appendix 10 Column b. The results 
reveal significant difference among genotypes (Table 7 Column b). The genotype MG-
06 possessed maximum number of hair on leaf vein i.e. 36.85 cm-1 and did not differ 
significantly from those of recorded in the leaves of AA-703 showing 35.86 cm-1 
number of hair. The genotype Auriga-101 possessed minimum number of hair i.e. 18.34 
cm-1 and differed significantly from those of recorded on all other genotypes. The 
number of hair recorded to be 27.56 cm-1 and 25.94 cm-1 on the leaves of Bt-121 and 
CA-12, respectively did not differ significantly with each other. The genotype MNH-
886 had hair 22.07 cm-1 and differed significantly from those of recorded on the leaves 
of all other genotypes. It is concluded from these results that MG-06 had maximum 
number of hair whereas Auriga-101 showed the minimum number of hairs on their leaf 
veins.  
c)    Lamina 
 
 The data relating to number of hair on leaf lamina in different selected 
genotypes of Bt-cotton are depicted in Appendix 10 Column C. The analysis of variance 
of the same (Table 7 Column C) reveals significant difference (P < 0.01) among 
genotypes. The means were compared by DMR test at P=0.05 (Table 8 Column C). It is 
evident from the results that the genotype MG-06 possessed maximum number of hairs 
on leaf lamina i.e. 172.58 cm-2 and did not show significant difference with those of 
recorded on the leaf lamina of AA-703 with 173.96 cm-2 hair density. The number of 
hairs was recorded to be 104.89 cm-2 on leaf lamina of MNH-886 and did not differ 
significantly with those  recorded on the leaf lamina of Auriga-101 with 105.17 cm-2 
number of hair. Non significant difference was also found to exist between BT-121 and 
Ca-12 showing 78.95 cm-2 and 76.89 cm-2 hair density, respectively. It is concluded 
from these results that MG-06 had maximum number of hair 172.58 whereas CA-12 had 
the minimum number of hair 76.89 cm-2 on their leaf lamina. 
ii) Length of Hair 
a) Midrib 
The results regarding length of hair on midrib of the leaves of   various selected 
genotypes of Bt-cotton are presented in Appendix 10 Column D. Analysis of variance of 
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the same (Table 7 Column D) reveals significant difference among genotypes at (P < 
0.01).The means were compared by DMR Test at P=0.05 (Table 8 Column D).  It is 
evident from the results that the genotype CA-12 showed maximum hair length i.e. 
1927.47 µ and did not differ significantly from those of recorded on the leaf midrib of 
Bt-121 with 1888.76 µ hair length. The minimum length of hair recorded to be 1484.79 
µ on Auriga-101 and did not differ significantly for those of recorded on the leaf midrib 
of AA-703 with 1561.50 µ length of hair.  Non-significant difference was found to exist 
among MNH-886 and MG-06 showing 1707.64 and 1761.91 µ length of hair, 
respectively. The conclusion drawn from these results that the genotype CA-12 was 
possessed maximum hair length whereas Auriga-101 showed minimum hair length on 
the leaf midrib.   
b) Vein 
 
 Significant variation was found to exist among genotypes regarding length of 
hair on vein (Table 7 Column E, Table 8 Column E and Appendix 10). The results 
reveal that maximum length of hair was recorded to be 1733.63 µ on leaf veins of MG-
06 and did not differ significantly from those of recorded on Bt-121 showing 1649.72 µ 
hair length.  Non significant difference was found to exist among Auriga-101, CA-12 
and AA-703 with 1235.14, 1337.14 and 1242.27 µ hair length on vein, respectively. The 
genotype MNH-886 possess 1575.29 µ hair length on vein and did not show significant 
difference with those of recorded on Bt-121 i.e. 1649.72 µ. From these results it is 
concluded that the genotype MG-06 have maximum hair length while Auriga-101 
showed minimum length of hair.  
c)       Lamina  
 
 The data regarding length of hair on lamina in different genotypes of Bt- cotton 
are given in Appendix 10. The analysis of variance (Table 7 Column F) reveal 
significant difference among genotypes (P < 0.01).  The means were compared by DMR 
Test at P=0.05 (Table 8 Column F). It is evident from the results that the genotype MG-
06 showed maximum length of hair on lamina i.e. 1633.66 µ and differ significantly 
from those of recorded on all other genotypes. The minimum length of hair on lamina 
was recorded to be 1237.85 µ on genotype Auriga-101 and did not differ significantly 
from those of recorded on AA-703 with 1296.70 µ length of hair on lamina. The 
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genotype Bt-121 possessed 1306.84 µ length of hair on lamina and was at par 
statistically (similar) with those of found on AA-703. Non significant difference was 
found to exist in between MNH-886 and CA-12 with 1432.84 and 1428.10 µ length of 
hair on lamina, respectively. From these results it is concluded that the genotype MG-06 
had maximum length of hair on leaf lamina while Auriga-101 possessed minimum 
length of hair on lamina.  
iii) Thickness of Leaf Lamina 
 
 The data pertaining to thickness of leaf lamina in different genotypes of Bt-
cotton are presented in Appendix 10. The analysis of variance of the same reveals 
significant difference among genotypes (Table 7 Column G). The results presented in 
Table 8 Column G reveal that maximum thickness of leaf lamina was recorded to be 
3755.53 µ on genotype Auriga-101 and differ significantly from those of recorded on all 
other genotypes.  The genotype MG-06 showed minimum thickness of leaf lamina i.e. 
2711.60 µ and differed significantly from those of recorded on all other genotypes. Non 
significant difference was found to exist in between CA-12 and AA-703 with 2847.07 
and 2929.72 µ thickness of leaf lamina, respectively. The genotypes MNH-886 and Bt- 
121 possessed 3553.98 and 3109.02 µ thickness of leaf lamina and differ significantly 
from one another as well as from those of recorded on all other genotypes. From these 
results it is concluded that the genotype Auriga-101 showed maximum thickness of leaf 
lamina whereas MG-06 have minimum thickness.  
iv) Gossypol Glands 
 
a) Midrib 
 
 The data regarding gossypol glands on midrib in different selected genotypes of 
Bt-cotton are presented in Appendix 10. The analysis of variance of the same is given in 
Table 7 Column H. The results reveal significant difference among genotypes. The 
results given in Table 8 Column H reveal that maximum number of gossypol gland was 
found to be 18.91 cm-1 on Auriga-101 and did not show significant difference with 
those of recorded on MNH-886 showing 17.82 cm-1 number of gossypol glands. The 
genotype CA-12 possessed minimum number of gossypol glands i.e. 14.94 cm-1 and did 
not show significant difference with those of recorded on AA-701 and BT-121 with 
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15.04 and 15.96 cm-1 number of gossypol glands, respectively.  The number of gossypol 
gland was recorded to be 17.32 cm-1 on MG-06 and did not differ significantly from 
those of recorded on MNH-886 i.e. 17.82 cm-1.  From these results it is concluded that 
genotype Auriga-101 possessed maximum number of gossypol glands on midrib while 
the genotype CA-12 had minimum number of gossypol glands on midrib.  
e) Vein 
  The genotype differed significantly with each other regarding gossypol gland on 
vein (Appendix 10, Table 7 column I and Table 8 Column I). It is evident from the 
results that the genotype MNH-886 showed maximum number of gossypol glands on 
vein i.e. 19.90 cm-1 and did not differ significantly from those of recorded on Auriga-
101 with 19.28 cm-1 number of gossypol glands on vein. The genotype AA-703 
possessed minimum number of gossypol glands on vein i.e. 16.16 cm-1 and also showed 
non significant difference with those of recorded on CA-12 with 16.83 cm-1 number of 
gossypol glands on vein. The number of gossypol glands on veins observed on genotype 
Auriga-101 also did not differ significantly from those of recorded on Bt-121 and MG-
06 with 18.71 and 18.79 cm-1 number of gossypol glands on vein, respectively. From 
these results it is concluded that the genotype MNH-886 had maximum number of 
gossypol glands on vein whereas the genotype AA-703 possess minimum number of 
gossypol glands on vein.  
c)      Lamina 
 Significant difference was found to exist among genotypes regarding gossypol 
glands on lamina (Appendix 10, Table 7 Column J and Table 8 Column J). It is evident 
from the results that the genotype MG-06 possessed maximum number of gossypol 
glands on leaf lamina i.e.  61.07 cm-2 and differed significantly from those of found on 
all other genotypes. The minimum  number of gossypol glands on lamina was recorded 
to be 37.36 cm-2 on Auriga-101 and did not differ significantly from those of recorded 
on CA-12 with 37.70 cm-2 number of gossypol glands.  Non significant difference was 
found to exist in between MNH-886 and Bt-121 with 44.99 and 44.23 cm-2 number of 
gossypol glands on lamina, respectively. The genotype AA-703 possessed 39.96 cm-2 
number of gossypol glands and showed non significant difference with those of 
recorded on CA-12 with 37.70 cm-2 number of gossypol glands on leaf lamina.  From 
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these results it is concluded that genotype MG-06 had maximum number of gossypol 
glands on leaf lamina whereas the genotype Auriga-101 possessed minimum number on 
gossypol glands on leaf lamina.   
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Table 7: Analysis of Variance of the Data Regarding Physico-morphological Plant Characters in various Selected   
                         Genotypes of Bt-Cotton 
 
 
S.O.V. D.F. Hair Density Length of Hair (μ) Thickness of 
Leaf Lamina (μ) 
(H)  
Midrib cm-1 
(A) 
Vein cm-1 
(B) 
Lamina  
cm-2 (C) 
Midrib  
(E)  
Vein  
(F) 
Lamina  
(G) 
M.S. F. 
value 
M.S. F. 
value 
M.S. F. 
value 
M.S. F. 
value 
M.S. F. 
value 
M.S. F. 
value 
M.S. F. 
value 
Replication 2 2.487 1.64 0.523 0.12 3.172 0.04 3137.703 0.46 651.328 0.15 2261.537 2.03 10075.085 2.12 
Genotypes 5 106.298 70.17** 163.674 38.98** 5794.963 65.11** 92312.307 13.52** 142316.205 32.52*** 60855.077 54.60** 486919.043 102.37** 
Error 10 1.515  4.199  88.996  6828.506  4376.784  1114.643  4756.527  
CV%  5.68 7.38 7.94 4.80 4.52 2.40 2.18 
 
 
 
S.O.V D.F. Gossypol Glands 
Midrib (I) Vein (J) Lamina (K) 
M.S. F. Value M.S. F. Value M.S. F. Value 
Replication 2 0.368 0.53 0.507 2.92 2.189 1.34 
Genotypes 5 7.748 11.15** 6.404 36.92** 235.423 143.75** 
Error 10 0.695  0.173  1.638  
CV %  5.00  2.89 
** = Significant at P < 0.01. 
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Table 8: Mean Comparison of the Data regarding Physico-mophological Plant Characters in various Selected   
                         Genotypes of Bt-Cotton.  
 
 
Genotypes Hair Density Length of Hair (μ) Thickness 
of Leaf 
Lamina 
(μ) (G) 
Gossypol Glands 
Midrib 
cm-1 
 (A) 
Vein  
cm-1  
(B) 
Lamina 
cm-2  
(C) 
Midrib 
(D) 
Vein  
(E) 
Lamina 
(F) 
Midrib 
cm-1 (H) 
Vein  
cm-1 (I) 
Lamina 
cm-2 (j) 
Auriga-
101 
16.03 d 18.34 d 105.17 b 1484.79 e 1235.14 c 1237.85 d 3755.53 a 18.91 a 19.28 ab 37.36 d 
MNH-886 15.39 d 22.07 c 104.89 b 1707.64 
cd 
1575.29 
b 
1432.84 b 3553.98 b 17.82 ab 19.90 a 44.99 b 
BT-121 19.71 c 27.56 b 78.95 c 1888.76 
ab 
1649.72 
ab 
1306.84 c 3109.02 c 15.96 cd 18.71 b 44.23 b 
CA-12 21.82 c 25.94 b 76.89 c 1927.47 a 1337.14 c 1428.10 b 2847.07 14.94 d 16.83 c 37.70 cd 
AA-703 26.63 b 35.86 a 173.96 a 1561.50 
de 
1242.27 c 1296.70 
cd 
2929.72 d 15.04 d 16.16 c 39.96 c 
MG-06 30.46 a 36.85 a 172.58 a 1761.91 
bc 
1733.63 a 1633.66 a 2711.60 e 17.32 bc 18.79 b 61.07 a 
LSD at 
5% 
2.23 3.73 17.16 150.33 120.36 60.74 125.47 1.52 0.756 2.33 
SE 0.71 1.18 5.45 47.71 38.19 19.28 39.82 0.48 0.240 0.74 
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4.3.5 Varietal Variation in Chemical Plant Characters 
xv) Moisture Contents 
The data regarding moisture percentage in the leaves of various selected genotypes 
of Bt cotton are depicted in Appendix 11. The results reveal significant difference at 
P < 0.01 (Table 9 Column A). The means were compared by DMR Test at P=0.05 
(Table 10 column A). It is evident from the results that the maximum moisture 
content was recorded to be 82.94 % in the leaves of CA-12 and did not differ 
significantly from those of recorded on MG-06 and AA-703 with 82.62 and 82.61 % 
moisture contents in their leaves, respectively.  The minimum moisture content was 
recorded to be 81.05 % in the leaves of Auriga-101 and did not differ significantly 
from those of recorded in the leaves of MNH-886 and BT-121 showing 81.61 and 
81.80 %, respectively. From these results it is concluded that the genotype CA-12 
had maximum moisture percentage in the leaves whereas the genotype Auriga-101 
showed minimum moisture percentage.  
xvi) Total Minerals 
The genotypes differed significantly in response to total minerals in their leaves 
(Appendix 11, Table 9 Column B and Table 10 Column B). The genotype MNH-
886 showed maximum total minerals in the leaves i.e. 17.42 % and differed 
significantly from those of recorded in the leaves of all other genotypes. The 
minimum percentage of total minerals was recorded to be 12.06 in the leaves of AA-
703 and also differ significantly from those of observed in the leaves of all other 
genotypes. Non significant difference was found to exist in between MG-06 and Bt-
121 with 12.69 and 12.51 % total minerals in their leaves, respectively. The 
genotypes Auriga-101 and CA-12 showed 16.75 and 15.28 % total minerals in their 
leaves and differed significantly with one another as well as from those of observed 
in the leaves on all other genotypes.   
xvii) Nitrogen 
The data related to nitrogen percentage in the leaves of various selected genotypes 
of Bt cotton are given in Appendix 11. The results reveal significant difference 
among genotypes (Table 9 Column C and Table 10 Column C). It is evident from 
the results that the genotype AA-703 possessed maximum nitrogen content i.e. 2.52 
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% and differed significantly from those of found in the leaves of all other genotypes. 
The genotype MG-06 showed minimum nitrogen i.e. 2.25 % and also differed 
significantly from those of observed in all other genotypes. Non significant 
difference was found to exist in between BT-121 and CA-12 with 2.49 and 2.29 % 
nitrogen contents in their leaves.  The genotype Auriga-101 and MNH-886 with 
2.34 and 2.42 % nitrogen contents in their leaves differed significantly with one 
another as well as from those of recorded in the leaves of all other genotypes. 
xviii) Protein 
The data regarding protein percentage in the leaves of various selected genotypes of 
Bt cotton are presented in Appendix 11. The results reveal significant difference 
among genotypes (Table 9 column D and Table 10 column D). The genotype AA-
703 showed maximum protein in the leaves i.e. 15.73 % and differed significantly 
from those of recorded in the leaves of all other genotypes. The genotype MG-06 
showed minimum protein i.e. 14.06 % and also differed significantly from those of 
observed in the leaves of all other genotypes. The genotype Bt-121, MNH-886, 
Auriga-101 and CA-12 showed 15.56, 15.12, 14.64 and 14.33 % protein contents in 
their leaves and differed significantly with each other.  
xix) Lipids 
Significant difference was found to exist among genotypes regarding lipid 
percentage in their leaves (Appendix 11, Table 9 column E, Table 10 Column E). It 
is evident from the results that the genotype AA-703 possessed maximum lipids i.e. 
10.44 % and differed significantly from those of found in the leaves of all other 
genotypes. The minimum lipids was recorded to be 6.25 % in the leaves of Auriga-
101 and also differed significantly from those of observed in the leaves of all other 
genotypes. The genotypes MNH-886, MG-06, CA-12 and BT-121 with 9.65, 8.77, 
7.49 and 6.92 % lipids in their leaves differed significantly with each other as well 
as from those of found in other genotypes. 
xx) Reducing Sugar 
The data pertaining to reducing sugar contents in the leaves of various selected 
genotypes of Bt-cotton are given in Appendix 11. The analysis of variance (Table 9 
Column F) reveals significant difference among genotypes at P < 0.01. The means 
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were compared by DMR Test at P=0.05 (Table 10 Column F). It is evident from the 
results that the genotype BT-121 showed maximum reducing sugar in the leaves i.e. 
5.66 % and differed significantly from those of recorded in the leaves of all other 
genotypes. The minimum reducing sugar was observed to be 3.83 % in the leaves of 
Auriga-101 and also differ significantly from those of recorded in the leaves of all 
other genotypes. The reducing sugar contents were found to be 5.52, 4.93, 4.31 and 
4.26 % in the leaves of MG-06, CA-12, AA-703 and MNH-886, respectively and 
differed significantly with each other. 
vii) Calcium (Ca) 
 Difference was found to be significant among genotypes regarding calcium 
contents in their leaves (Appendix 11 Table 9 Column G and Table 10 Column G). The 
genotype MG-06 possessed maximum calcium contents in the leaves i.e. 3.53 % and 
was statistically at par with those of AA-703 and BT-121 with 3.27 and 3.15 % calcium, 
respectively. Non significant difference was also found to exist in between Auriga-101 
and MNH-886 with 2.33 and 2.37 % calcium contents, respectively.  The genotype CA-
12 with 2.91 % calcium also showed non-significant difference with those of found in 
the leaves of BT-121 and AA-703.  Non-significant difference was also found to exist in 
between Auriga-101 and MNH-886 showing 2.33 and 2.37 % calcium contents in their 
leaves, respectively. 
 viii)     Magnesium (Mg) 
 The data regarding Magnesium contents in the leaves of various selected 
genotypes of Bt-cotton are given in Appendix 11. The results reveal significant 
difference among genotype (Table 9 column H and Table 10 Column H). It is evident 
from the results that maximum Magnesium contents was recorded to be 0.48 % in the 
leaves of Auriga-101 and differed significantly from those of found in the leaves of all 
other genotype.  The minimum Magnesium contents were recorded to be 0.39 % in the 
leaves of CA-12 and did not differ significantly with those of recorded in the leaves of 
BT-121 and MG-06 with 0.41 and 0.41 % Magnesium contents in their leaves, 
respectively.  Non significant difference was also found to exist in between MNH-886 
and AA-703 with 0.45 and 0.46 Magnesium contents in their leaves, respectively. 
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ix)  Phosphorus (P) 
 Variation was found to be significant among genotypes regarding phosphorus 
contents in the leaves (Appendix 11 Column I of Table 9 and Table 10). It is evident 
from the results that the genotype AA-703 showed maximum phosphorous contents in 
the leaves i.e. 3818.37 ppm and differed significantly from those of recorded in the 
leaves of all other genotypes. The genotype Auriga-101 possessed minimum 
phosphorus contents i.e. 1846.32 ppm and also differed significantly from those of 
recorded on all other genotypes. The genotypes BT-121, MNH-886, MG-06 and CA-12 
showed 3763.88, 3634.16, 2651.23 and 1866.63 ppm phosphorous contents in their 
leaves and differed significantly from those of found in the leaves of all other 
genotypes.  
x) Potassium (K)  
 The results regarding K. contents in the leaves of various genotypes of cotton 
reveal significant difference (Appendix 11,   Column J of Table 9 and Table 10).  The 
results depicted in Table 10 Column J reveal that maximum K contents was recorded to 
be 3.87 % in the leaves of Auriga-101 and differed significantly from those of found in 
the leaves of all other genotypes.  The genotype MNH-886 possess minimum K 
contents i.e. 2.52 % and also differed significantly from those of recorded in the leaves 
of all other genotypes.  The K contents in the leaves of MG-06, CA-12, BT-121 and 
AA-703 were 3.48, 3.26, 3.17 and 2.93 %, respectively differed significantly.   
xi) Copper (Cu) 
 The results pertaining to copper contents in the leaves of various selected 
genotypes of Bt-cotton are given in Appendix 11, Column K of Table 9 and Table 10.  
The results reveal significant difference among genotypes.  It is evident from the results 
(Table 10 Column K) that the genotype Auriga-101 possessed maximum copper 
contents i.e. 86.55 ppm and differed significantly from those of recorded in the leaves of 
all other genotypes.  The genotype BT-121 showed minimum Cu contents i.e. 18.91 
ppm and also showed significant difference from those of found in the leaves of all 
other genotypes. The copper contents viz. 82.67, 47.48, 43.30 and 26.20 ppm in the 
leaves of AA-703, CA-12, MNH-886 and MG-06 differed significantly with each other 
as well as from those of found in the leaves of all other genotypes.  
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xii) Zinc (Zn) 
Difference was found to be significant among genotypes regarding Zn contents 
in their leaves (Column L of Table 9 and Table 10).  The data are given in Appendix 11. 
The results reveal that the genotype Auriga-101 had maximum Zn contents i.e. 19.62 
ppm in the leaves and differed significantly from those of observed in the leaves of all 
other genotypes.  The genotype AA-703 possessed minimum Zn contents i.e. 13.95 ppm 
in the leaves and also differed significantly from those of found in the leaves of all other 
genotypes.  The genotypes CA-12, BT-121, MG-06 and MNH-886 with 19.13, 18.58, 
18.06 and 14.38 ppm Zn contents differed significantly with each other.  
xiii)          Manganese (Mn)   
The data relating to Maganese contents in the leaves of various selected genotypes 
of Bt cotton are depicted in Appendix 11. The analysis of variance of the same reveals 
significant difference among genotypes at P < 0.01 (Table 9 Column M). The means 
were compared by DMR Test at P=0.05 (Table 10, Column M). It is evident from the 
results that the genotype MG-06 possessed maximum Maganese contents in the leaves 
i.e. 41.38 ppm and differed significantly from those of found in the leaves of all other 
genotypes.  The minimum Maganese contents was recorded to be 33.47 ppm in the 
leaves of Auriga-101 and also differed significantly from those of observed in the 
leaves of all other genotypes.  The genotypes MNH-886, BT-121, AA-703 and CA-12 
with 40.65, 39.59, 37.87 and 34.25 ppm Maganese contents also differed significantly 
with each other as well as from those of observed in the leaves of all other genotypes.  
xiv) Iron (Fe)  
Significant difference was found to exist among genotypes regarding Fe contents 
(Appendix 11, Column N of Table 9 and Table 10). The results reveal that the genotype 
MNH-886 possessed maximum Fe contents i.e. 18.28 ppm and differed significantly 
from those of found in the leaves of all other genotypes.  The minimum iron contents 
was recorded to be 14.09 ppm in the leaves of Auriga-101 and also differed 
significantly from those of found in the leaves of all other genotypes. Non significant 
difference was found to exist in between BT-121 and MG-06 showing 16.54 and 16.41 
ppm Fe contents, respectively.  The Fe contents were 15.21 and 17.54 ppm in the leaves 
of CA-12 and AA-703 differed significantly with one another as well as from those of 
observed in the leaves of all other genotypes.  
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Table 9:  Analysis of Variance of the Data Regarding Che4mical Plant Characters in various Selected Genotypes of Bt- Cotton. 
 
 
 
S.O.V D.F. Moisture  
(%) (A) 
Total 
Mineral (%) 
(B) 
Nitrogen (%) 
(C) 
Protein (%) 
(D) 
Lipids (%) 
(E) 
Reducing 
Sugar (%) (F) 
Calcium 
(%) (G) 
M.S. F. 
Value 
M.S. F. 
Value 
M.S. F. 
Value 
M.S. F. 
Value 
M.S. F. 
Value 
M.S. F. 
Value 
M.S. F. 
Value 
Replication 2 0.233 1.49 0.046 0.74 0.000 0.58 0.003 0.58 0.003 0.62 0.000 0.77 0.056 0.98 
Genotypes 5 1.598 10.25** 16.418 267.52** 0.035 276.92** 1.356 276.71 8.040 1491.68** 1.638 8097.93** 0.719 12.49** 
Error 10 0.156  0.061  0.0001  0.005  0.005   0.0001 0.058  
CV %  0.48 1.71 0.47 0.47 0.89 0.30 8.20 
 
 
 
S.O.V D.F
. 
Magnesium 
(%) (H) 
Phosphorous 
(ppm) (I) 
Potassium 
(%) (J) 
Copper (ppm) 
(K) 
Zinc (ppm) 
(L) 
Manganese 
(ppm) (M) 
Ferrous (ppm) 
(N) 
M.S
. 
F. 
Valu
e 
M.S. F. 
Value 
M.S
. 
F. 
Value 
M.S. F. 
Value 
M.S
. 
F. 
Valu
e 
M.S
. 
F. 
Value 
M.S. F. 
Value 
Replicatio
n 
2 0.000 0.11 74.792 1.57 0.000 0.40 0.055 0.09 0.007 1.01 0.071 1.73 0.00
2 
0.09 
Genotypes 5 0.004 70.89*
* 
2617955.50
5 
54967.82*
* 
0.642 1238.02*
* 
2389.70
2 
4074.86*
* 
18.42
5 
2494.7
6 
33.33
3 
816.61*
* 
6.92
1 
291.15*
* 
Error 10 0.000
1 
 47.627  0.001  0.586  0.007  0.041  0.02
4 
 
CV %  1.66 0.24 0.71 1.51 0.50 0.53 0.94 
** = Significant at P < 0.01. 
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Table 10: Mean Comparison of the Data regarding Chemical Plant Characters in various Selected Genotypes of Bt-Cotton.  
 
 
 
Genotypes Moisture 
(%) (A) 
Total 
Minerals 
(%)  
(B) 
Nitrogen 
(%)  
(C) 
Protein 
(%) 
(D) 
Lipids 
(%) 
(E) 
Reducing 
Sugars 
(%) 
 (F) 
Ca 
(%) 
(G) 
Mg 
(%) 
(H) 
P 
(ppm) 
(I) 
K 
(%) 
(J) 
Copper 
(ppm) 
(K) 
Zinc 
(ppm) 
(L)  
Mn 
(ppm) 
(M) 
Fe 
(ppm) 
(N) 
Auriga-101 81.05 b 16.75 b 2.34 d 14.64 d 6.25 f 3.83 f 2.33 c 0.48 a 1846.32 
f 
3.87 a 86.55 a 19.62 a 33.47 f 14.09 e 
MNH-886 81.61 b 17.42 a 2.42 c 15.12 c 9.65 b 4.26 e 2.37 c 0.45 b 3634.16 
c 
2.52 f 43.30 d 14.38 e 40.65 b 18.28 a 
BT-121 81.80 b 12.51 d 2.49 e 15.56 b 6.92 e 5.66 a 3.15 
ab 
0.41 c 3763.88 3.17 d 18.91 f 18.58 c 39.59 c 16.54 c 
CA-12 82.94 a 15.28 c 2.29 e 14.33 e 7.49 d 4.93 c 2.91 b 0.39 c 1866.63 3.26 c 47.48 c 19.13 b 34.25 e 15.21 d 
AA-703 82.61 a 12.06 e 2.52 a 15.73 a 10.44 a 4.31 d 3.27 
ab 
0.46 b 3818.37 
a 
2.93 e 82.67 b 13.95 f 37.87 d 17.54 b 
MG-06 82.62 a 12.69 d 2.25 f 14.06 f 8.77 c 5.521 b 3.53 a 0.41 c 2651.23 
d 
3.48 b 26.20 e 18.06 d 41.38 a 16.41 c 
LSD at 5% 0.718 0.449 0.02 0.13 0.13 0.02 0.44 0.018 12.55 0.06 1.39 0.15 0.37 0.28 
SE 0.228 0.14 0.005 0.04 0.04 0.005 0.14 0.005 3.98 0.02 0.44 0.05 0.12 0.08 
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4.3.6 Role  of Physico-morphological and Chemical Plant Characters in the Expression of Resistance to Jassid on Bt-cotton 
 
The data on various physico-morphic (hair density, length of hair and gossypol glands on midrib vein and lamina and thickness 
of leaf lamina) and chemical plant characters (moisture contents, total minerals, nitrogen, protein, lipids, reducing sugar, calcium, 
magnesium, phosphorus, potassium, copper, zinc, manganese and  ferrous)  and the Jassid population per leaf recorded on various 
selected genotypes of Bt-cotton were processed for simple correlation and the factors showing significant correlation with the pest 
population were then computed for linear regression Analysis of variance with the objective to find their impact on the population of 
the pest. The results are described as under:  
4.3.3.1 Simple Correlation  
a) Physico-morphological Plant Characters Versus Jassid Population 
 The results regarding the effect of physico-morphic plant character in population fluctuation of Jassid on various selected 
genotypes of Bt cotton are shown in Table 11.  
It is evident from the results that hair density on midrib vein and lamina showed significant and negative correlation with the Jassid 
population having r-values of 0.959, 0.956 and 0.581, respectively. Thickness of leaf lamina showed positive and significant (P < 
0.01) correlation with the Jassid population having r-values 0.941. Hair length on midrib vein and lamina had non significant 
correlation with the pest population. Gossypol glands on midrib and vein exerted positive and significant (P < 0.01) correlation with 
the pest population having r-values of 0.595 and 0.631, respectively.  The correlation between gossypol glands on lamina and pest 
population was negative and significant (P < 0.05) with r-values of 0.460.  From these results it is concluded that hair density on leaf 
midrib, vein and lamina were the most important characters which contributed significant and negative correlation with the pest 
population. Hair length is not so important as they had a non significant effect on the pest density. Thickness of leaf lamina is another 
important character which showed positive and significant effect on the Jassid density. Furthermore, gossypol glands had also 
significant effect on population density. 
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Table 11: Effect of Physio-morphic Plant Characters in Population Fluctuation of the Jassid in various Selected Genotypes 
of Bt-Cotton.  
 
Plant Characters    
Hair Density  Midrib r-value -0.949** 
P. value 0.000 
SE 0.195 
Vein  r-value -0.956** 
P. value 0.000 
SE 0.217 
Lamina r-value -0.581** 
P. value 0.011 
SE 1.537 
Length of Hair Midrib 
 
r-value -0.260ns 
P. value 0.298 
SE 2.146 
Vein 
 
r-value -0.193ns 
P. value 1.000 
SE 2.785 
Lamina r-value -0.405ns 
P. value 0.095 
SE 1.711 
Thickness of 
Leaf Lamina 
 r-value 0.941** 
P. value 0.000 
SE 1.182 
Gossypol Glands Midrib r-value 0.595** 
P. value 0.009 
SE 0.164 
Vein r-value 0.631** 
P. value 0.004 
SE 0.134 
Lamina r-value -0.460* 
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P. value 0.054 
SE 0.547 
*Significant at p ≤ 0.05; ** Significant at p ≤ 0.01; ns, Non-significant 
 
b) Chemical Plant Characters Versus Jassid Population  
 The results presented in Table 12 reveal that total minerals showed positive and significant (P < 0.01) correlation with the 
Jassid population per leaf having r-value of 0.907. Reducing sugar (P < 0.01), calcium (P < 0.01), and manganese (P < 0.05) exerted 
negative and significant correlation with the pest density. Moisture percentage, nitrogen, protein, lipids, magnesium, phosphorus, 
potassium, copper, zinc and ferrous showed non significant correlation with the Jassid population per leaf. 
Table 12: Effect of Chemical Plant Characters in Population Fluctuation of the Jassid in various Selected Genotypes of Bt-
Cotton.  
Plant Characters   
Moisture Content r-value -0.210 ns 
P. Value 1.000 
SE 0.148 
Total Minerals r-value 0.907** 
P. Value 0.000 
SE 0.122 
Nitrogen r-value 0.169 ns 
P. Value 1.000 
SE 0.038 
Protein r-value 0.030 ns 
P. Value 1.00 
SE 0.252 
Lipids r-value -0.441ns 
P. Value 0.066 
SE 0.244 
Reducing Sugar r-value -0.605** 
P. Value 0.007 
SE 0.124 
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Calcium r-value -0.803** 
P. Value 0.000 
SE 0.144 
Magnesium r-value 0.307ns 
P. Value 0.215 
SE 0.202 
Phosphorous r-value -0.250ns 
P. Value 0.317 
SE 8.393 
Potassium r-value -0.239ns 
P. Value 1.00 
SE 0.261 
Copper r-value 0.261ns 
P. Value 0.296 
SE 1.875 
Zinc r-value 0.203ns 
P. Value 1.000 
SE 0.371 
Manganese r-value -0.453* 
P. Value 0.059 
SE 0.233 
Ferrous r-value -0.322ns 
P. Value 0.191 
SE 0.315 
* = significant at P < 0.05. ** = Significant at P < 0.01. Ns = Non-significant. 
 
4.3.3.2  Linear Regression Models  
a) Impact of Physico-morphological Plant Characters on the Pest Population  
 The factors which showed significant correlation with the Jassid population were processed for linear regression Analysis of 
variance with the objective to find their impact individually as well as through steps on the fluctuation of the pest. The results are 
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presented in Table 13. It is evident from the results that hair density on midrib showed negative and significant effect and exerted 
maximum impact i.e. 90 % in per unit change of the pest density followed by hair density on vein and lamina which exerted 5.3 and 
1.3 % impact in population fluctuation of the Jassid. The other factors like thickness of leaf lamina, gossypol glands on midrib vein 
and lamina had minor impact in per unit change of the pest density which ranged from 0 to 0.9 %. Furthermore the regression analysis 
of variance reveals that all the models were good fitted. The 100-R2 value was calculated to be 97.9 when the effect of all the factors 
were computed together.  
Table 13: Multiple Linear Regression Models regarding Population of Jassid per  Leaf and Various Physico-Morphic 
Plant Characters in  Bt-Cotton. 
 
 Regression Equation R2 100-
R2 
Impact 
(%) 
S.E. F. 
value 
**Y = 2.738 – 0.273X1** 0.900 90.0 90.0 0.057 144.72 
**Y= 2.767 – 0.135X1**-0.131X2** 0.953 95.3 5.3 0.040 152.21 
**Y= 2.752-0.158X1**-0.138X2** + 0.014X3* 0.966 96.6 1.3 0.036 131.40 
**Y= 2.113-0.132X1**-
0.114X2**+0.009X3+0.008X4 
0.968 96.8 0.2 0.036 97.02 
**Y= 1.596-0.132X1**-
0.086X2*+0.0004X3+0.007X4+0.125X5* 
0.977 97.7 0.9 0.032 101.41 
**Y= 1.449-0.127X1**-
0.089X2*+0.002X3+0.007X4 + 0.068X5 
+ 0.0778X6 
0.979 97.9 0.2 0.032 83.79 
**Y= 1.433-0.126X1**-0.088X2*+0.002X3+ 
0.007X4+0.067X5+0.087X6-0.0028X7 
0.979 97.9 0.0 0.033 65.32 
 
 
Where  
X1=Hair density on midrib cm-1 
X2=Hair density on vein cm-1 
X3=Hair density on lamina cm-2 
X4=Thickness of leaf lamina µ 
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X5=Gossypol glands on midrib cm-1 
X6=Gossypol glands on vein cm-1 
X7=Gossypol glands on lamina cm-2 
 
b) Impact of Chemical Plant Characters on the Pest Population  
 Various chemical plant characters total minerals, reducing sugar, calcium and manganese showing significant correlation to the 
Jassid population were processed for linear regression Analysis of variance with the objective to find their actual contribution in 
population fluctuation of the pest. The results are given in Table 14.  It is evident from the results that total minerals showed 
maximum impact i.e. 82.3 % in per unit change of the pest followed by calcium, manganese and reducing sugar with 3.7, 0.6 and 0.1 
% role in population fluctuation of the Jassid per leaf. The overall impact of these factors when computed together was calculated to 
be 86.7 %. All the regression equations were found to be fitted the best.   
 
Table 14: Multiple Linear Regression Models regarding Population of Jassid per  Leaf and Various Chemical Plant 
Characters in Bt-Cotton. 
 
 
 Regression Equation R2 100-
R2 
Impact 
(%) 
S.E. F. 
value 
**Y= -0.728 + 0.565X1** 0.823 82.3 82.3 0.076 74.17 
**Y= -0.505 + 0.5544X1**-0.062X2 0.824 82.4 0.1 0.078 35.19 
**Y= 2.870+0.441X1** + 0.064X2 -
0.235X3 
0.861 86.1 4.3 0.072 29.00 
**Y= -0.272+ 0.445**X1+0.027X2-
0.257X3* + 0.066X4 
0.867 86.7 0.6 0.073 21.17 
 
X1=Total minerals 
X2=Reducing sugar 
X3=Calcium 
X4=Manganese 
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SECTION IV 
4.4 Bio-Intensive Management of Jassid on Bt-Cotton MG-06  
The study was conducted to manage the Jassid population by integrating various control methods on resistant genotype of Bt-
cotton i.e MG-06 (selected from screening trial based on Jassid density per leaf). Nine releases of one 2nd instar larvae of each 
Coccinella septempunctata and Chrysoperla carnea were done at weekly interval starting from 09.07.2011 to 06.09.2011. The 
application of NSKE (Neemasole) at the rate of 2.50 litre/ha and Spinosad 240 SC (Tracer) at the rate of 125 ml/ha were done five 
times 09.07.2011, 23.07.2011, 07.08.2011, 22.08.2011 and 06.09.2011. The effect of these treatments individually as well as in their 
possible integrations was recorded based on population density count of Jassid (adult + nymph).The data regarding Jassid population 
at weekly interval throughout the crop season at various dates of observation were also recorded.  The data relating to seed cotton 
yield were recorded in various treatments and the cost benefit ratios were calculated in each treatment with the objective to find the 
most effective and economical control strategy for the recommendation to the farmer. The results are described as under: 
4.4.1 Effect of Treatments on Jassid Population  
The data regarding jassid population per leaf in different treatments are given in Appendix 12. The analysis of variance of the same 
(Table 15) reveals significant difference among treatments (P < 0.01). The means were compared by DMR Test at P=0.05 (Table 15a). 
The results reveal that the plots treated with Spinosad 240 SC singly or in combination with other control tactics resulted in maximum 
control of the pest and proved to be the most effective treatments for the control of Jassid on Bt-cotton.  It is evident from the results 
that the lowest population of the Jassid was recorded to be 0.35 per leaf in those plots (T-15) where all the control tactics were 
integrated and did not differ significantly from those of observed in T-14 and T-13 with 0.43 and 0.42 Jassid per leaf, respectively. 
The results obtained from T-12 with 0.48 Jassid per leaf also showed non significant difference with those of T-10, T-9 and T7 with 
0.56, 0.51 and 0.54 Jassid per leaf, respectively. The results obtained in Treatment T-12 also found at par statistically (similar) with 
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those of obtained in T-13 and T-14. The application of biological control agents like C. septumpunctata and C. carnea resulted in less 
control of the Jassid population showing 2.22 and 2.18 Jassid per leaf, respectively and did not differ significantly with one another. 
These two predators, when released together, resulted in 1.96 Jassid per leaf and differed significantly from those of recorded in all 
other treatments. The application of neem seed kernel extract (Neemasol 5%) alone resulted in 1.75 Jassid per leaf and differed 
significantly from those of found in all other treatments. This treatment when integrated with biological control agents showed 1.59 
(T-6), 1.43 (T-8), and 1.48 (T-11) Jassid per leaf, respectively.  The application of T4 (Spinosad 240 SC) resulted in 0.58 Jassid per 
leaf and did not differ significantly T7 (0.54), T9 (0.51) and T10 (0.56).  
Keeping in view the mortality of Jassid in different treatments it is evident from Fig. 11 that T-15 showed maximum mortality 
i.e. 88.59 % followed by 86.32, 85.99, 84.36, 83.38, 82.41, 81.75 and 81.10 in T-13, T-14, T-12, T-9,  T-7, T-10 and T-4, respectively 
and these treatments were found to be the most effective.  The minimum mortality of the pest was recorded to be 27.68 % in T-1 
followed by T-2 with 28.99 % Jassid mortality. All the other treatments were intermediate resulted in 42.99, 36.15, 48.21, 53.42 and 
51.79 % mortality obtained from T-3, T-5, T-6, T-8 and T-11, respectively. 
Fig 11: Jassid Mortality (%) in Various Treatments on Resistant Genotype 
                       of Bt-Cotton. 
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Where: 
T1= Coccinella septumpunctata 
T2= Chrysoperla carnea 
T3= Neem Seed Kernal Extract (Neemasol 5%) 
T4= Spinosad 240 SC (Tracer) 
T5= T1 + T2 
T6= T1 + T3 
T7= T1 + T4 
T8= T2 + T3 
T9= T2 + T4 
T10= T3 + T4 
T11= T1 + T2 + T3 
T12= T1 + T2 + T4 
T13= T1 + T3 + T4 
T14= T2 + T3 + T4 
T15= T1 + T2 + T3 + T4 
T16= Control 
27.68 28.99
36.15
42.99
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Table 15: Analysis of Variance of the Data regarding Jassid Population per 
                      Leaf in  various Treatments at different Dates of Observation. 
 
 
Source of 
Variance 
D.F. S.S M.S. F. Value 
Replication 2 0.01 0.006 0.24 
Dates of 
Observation (D) 
9 131.06 14.963 588.31** 
Treatments (T) 15 323.98 21.599 892.56** 
D X T 135 91.87 0.681 27.49** 
Error 318 7.87 0.025  
  CV = 12.86% 
** = Significant at P < 0.01. 
 
Table 15 a: Mean Comparison of the Data regarding Jassid  Population per Leaf in various Treatments. 
 
Sr. # 
 
 
Name of Treatments Dose/Methods of Application  Means 
T1 Coccinella 
septumpunctata 
2nd Instar Larvae/plant at 
weekly interval 
2.22 b 
T2 Chrysoperla carnea -do- 2.18 b 
T3 Neem Seed Kernal 
Extract (Neemasol 5%) 
1500 ml/ha 1.75 d 
T4 Spinosad 240 SC 
(Tracer) 
125 ml/ha 0.58 g 
T5 T1 + T2 As above 1.96 c 
T6 T1 + T3 Do 1.59 e 
T7 T1 + T4 Do 0.54 gh 
T8 T2 + T3 -do- 1.43 f 
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T9 T2 + T4 -do- 0.51 gh 
T10 T3 + T4 -do- 0.56 gh 
T11 T1 + T2 + T3 -do- 1.48 f 
T12 T1 + T2 + T4 -do- 0.48 hi 
T13 T1 + T3 + T4 -do- 0.42 ij 
T14 T2 + T3 + T4 -do- 0.43 ij 
T15 T1 + T2 + T3 + T4 -do- 0.35 j 
T16 Control - 3.07 a 
LSD at P = 5 %  0.080 
SE  +0.028 
Means sharing similar letters are not significantly different by DMR Test. 
 
4.4.2 Seed Cotton Yield in Different Treatments  
The data regarding seed cotton yield in different treatments are given in Appendix 13. The analysis of variance (Table 16) reveals 
significant difference (P < 0.01) among treatments. The means were compared by DMR Test at P=0.05. The maximum seed cotton 
yield was recorded to be 14.332 kg/plot in T-15 where all the control methods were integrated together and did not show significant 
difference with those of recorded in T-14 and T-13 with 14.327 and 14.305 kg/plot seed cotton yield, respectively. The minimum seed 
cotton yield was recorded to be 9.387 kg/plot in those plots where C. carnea was released and did not differ significantly from those 
of where C. septumpunctata was released with 9.624 kg seed cotton yield per plot. Non-significant difference was found to exist in 
between T-8 and T-11 with 10.652 and 10.387 kg/plot seed cotton yield, respectively. The seed cotton yield in T-4, T-6, T-9 and in T-
12 recorded to be 12.157, 11.998, 12.040 and 12.32 kg/plot, respectively did not differ significantly with each other. The seed cotton 
yield in T-3 was recorded to be 11.669 kg/plot and differed significantly from those of observed in all other treatments. The seed 
cotton yield observed in T-5 was 9.876 kg/plot and did not differ significantly with those of recorded in T-1. The treatment T-10 and 
T-7 resulted in 13.303 and 12.734 kg/plot seed cotton yield and differed significantly from one another. The trend in increase in seed 
cotton yield over control showed similar trend as those of obtained in seed cotton yield kg/plot. However maximum increase in seed 
cotton yield was recorded to be 2038.494 kg/ha in T-15 whereas minimum seed cotton yield was recorded to be 619.125 kg/ha in T-2.   
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4.4.3 Cost Benefit Ratio 
The calculations pertaining to Cost Benefit Ratio (CBR) in bio-intensive management experiment are presented in Appendix 14. It is 
evident from the results (Table 16) that Maximum CBR was recorded to be 1:7.47 (T4) in those plots where spinosad 240 SC @ 125 
ml/ha was sprayed and found to be the best treatment. This treatment was easy to apply, economical and safe to predators and 
parasites and recommended to the farmers. The minimum CBR was observed to be 1:0.94 (T11) in those plots where C. 
septumpunctata, C carnea were released in combination with spray of NSKE @ 1500 ml/ha and did not proved a good treatment. The 
release of bio-agents viz.  C. septumpunctata  and C. carnea singly and in their possible interaction  did not show encouraging results  
having minimum increase of seed cotton yield  i.e. 687.155,  619l.125 and  797.517 kg/ha, respectively. The application of NSKE 
resulted in 1274.13 kg/ha increase in seed cotton yield. This treatment was found to be superior with those of where bio-agents were 
applied. The NSKE in combination with bio-agents also showed an increase in seed cotton yield of 1368.563, 982.220 and 906.156 
when integrated with C. septumpunctata, C. carnea and in combination of both the agents, respectively. Furthermore, the spray of 
NSKE resulted in CBR of 1: 3.73 and CBR decreased when NSKE applied in combination with bio-agents due to increase in 
expenditure. Furthermore, the application of spinosad 240 SC singly and in combination with other control methods showed higher 
increase in seed cotton yield. The spinosad 240 SC alone resulted in maximum CBR i.e. 1: 7.47 and proved to be the best treatment. 
The CBRs value were reduced when this treatment were integrated with the other control method and this is due to the increase in 
expenditure.    
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Table 16: Analysis of Variance and Means Comparison of the Data regarding Seed Cotton Yield in different Treatment on a 
Resistant Genotype of Bt-Cotton. 
 
ANOVA 
Source of 
Variance 
D.F. S.S M.S. F. Value 
Replication 2 0.04 0.019 0.49 
Treatments 15 167.68 11.179 297.05** 
Error 30 1.13 0.038  
CV=1.66% 
**= Significant at P < 0.01. 
 
Means Comparison: 
Sr. No Name of 
Treatment 
Dose/Method 
of 
Application 
Seed Cotton Yield Increase in 
Seed 
Cotton 
Yield 
(Kg/Ha) 
Cost 
Benefit 
Ratio 
Kg/Plot Kg/ha 
T1 Coccinella 
septumpunctata 
2nd Instar 
Larvae/plant 
at weekly 
interval 
9.624 gh 2762.399 687.155 1:2.21 
T2 Chrysoperla 
carnea 
-do- 9.387 h 2694.359 619.125 1:1.99 
T3 Neem Seed 
Kernal Extract 
(Neemasol 5%) 
1500 ml/ha 11.669 e 3349.364 1274.13 1:3.73 
T4 Spinosad 240 
SC (Tracer) 
125 ml/ha 12.157 d 3489.435 1414.201 1:7.47 
T5 T1 + T2 As above 9.876 g 2866.751 7915.17 1:1.27 
T6 T1 + T3 Do 11.998 d 3443.797 1368.563 1:2.09 
T7 T1 + T4 Do 12.734 c 3655.052 1579.818 1:3.16 
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T8 T2 + T3 -do- 10.652 f 3057.454 982.220 1:2.42 
T9 T2 + T4 -do- 12.040 d 3455.853 1380.619 1:2.76 
T10 T3 + T4 -do- 13.303 b 3818.373 1743.139 1:3.28 
T11 T1 + T2 + T3 -do- 10.387 f 2981.390 906.156 1:0.94 
T12 T1 + T2 + T4 -do- 12.321 d 3536.509 1461.275 1:1.80 
T13 T1 + T3 + T4 -do- 14.305 a 4105.978 2030.744 1:2.41 
T14 T2 + T3 + T4 -do- 14.327 a 4112.293 2036.807 1:1.42 
T15 T1 + T2 + T3 + 
T4 
-do- 14.332 a 4113.728 2038.494 1:1.77 
T16 Control - 7.923 i 2075.234 - - 
LSD 0.325    
SE +0.112    
Means sharing similar letters are not significantly different by DMR Test. 
 
Where: 
 
T1= 
 
Coccinella septumpunctata 
T2= Chrysoperla carnea 
T3= Neem Seed Kernal Extract (Neemasol 5%) 
T4= Spinosad 240 SC (Tracer) 
T5= T1 + T2 
T6= T1 + T3 
T7= T1 + T4 
T8= T2 + T3 
T9= T2 + T4 
T10= T3 + T4 
T11= T1 + T2 + T3 
T12= T1 + T2 + T4 
T13= T1 + T3 + T4 
T14= T2 + T3 + T4 
T15= T1 + T2 + T3 + T4 
T16= Control 
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CHAPTER 5                                                                                     
DISCUSSION 
SECTION I 
5.1 Host Plant Resistance  
 The study was conducted to ascertain the varietal response for resistance susceptibility against Jassid (adult + nymph) under 
field conditions during 2009 and 2010. Twenty genotypes of Bt-cotton viz., Auriga-213, CIM-595, PSC-2, MNH-886, PSC-3, SB-
149, KZ-389, Auriga-101, CA-12, FH-4243, BT-121, CA-11, MNH-856, VH-259, BH-178, Tarzan-01, MG-06, AA-703, Sitara-008 
and IR-824 were sown following RCBD replicated thrice. The population of Jassid per seedling and per leaf basis were recorded. Six 
genotypes of Bt-cotton viz., Auriga-101, MNH-886, BT-121, CA-12, AA-703 and MG-06 were selected for final screening 
experiment during 2010. The results revealed that all the genotypes differed significantly in both the study years on per seedling as 
well as per leaf basis.  During 2009, Auriga-213 was found to be susceptible on per seedling as well as per leaf basis whereas some 
variations were found to exist among genotypes pertaining to resistance trend.  On per seedling basis IR-824 found to be resistant 
whereas on per leaf basis MG-06 showed minimum Jassid population per leaf. In brief, the genotypes based on population density 
count per seedling categorized under descending order are as follows:  
Auriga-213 > CIM-595 > PSC-2 > MNH-886 > PSC-3 > SB-149 > KZ-389 > Auriga-101 > CA-12 > FH-4243 > BT-121 > CA-11 > 
MNH-856 > VH-259 > BH-178 > Tarzan-01 > MG-06 > AA-703 > Sitara-008 > and IR-824.  
 Similarly the genotypes based on per leaf population density count   categorized following  descending order are as under: 
Auriga > MNH-886 > CIM-595 > PSC-2 > Auriga-213 > PSC-3 > SB-149 > MNH-856 > FH-4243 > BT-121 > CA-12 > Tarzan-1 > 
VH-259 > KZ-389 > BH-178 > CA-11 > IR-824 > Sitara-008 < AA-703 > MG-06. 
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 From the above study based on per leaf population density count six genotypes of Bt cotton (Auriga-101 and MNH-886 
showing susceptible response, MG-06 and AA-703 having comparatively resistant trend and BT-121 and CA-12 categorized as 
intermediate) were selected for final screening experiments during 2010.The results revealed significant difference among genotypes, 
both on per seedling and per leaf population density count and the trend was found to be similar in both the cases. Furthermore,  the 
genotypes Auriga-101 showed maximum population of the pest and did not differ significantly with those of MNH-886.  The 
genotype AA-703 and MG-06 proved comparatively resistant and also showed non significant difference with one another. BT-121 
and CA-12 categorized as intermediate and also showed non significant difference with each other based on per leaf population 
density count of Jassid. The present findings cannot be compared with those of Tariq (1989), Naeem (1997), Nizamani et al. (2002), 
Syed et al. (2003), Abro et al. (2004), Hussain (2004), Aheer et al. (2006), Sharma and Pampapathy (2006), Amjad and Aheer (2007), 
Bal and Dhawan 2008) and  Jeyakumar et al. (2008) because of differences in their materials they have tested to those  studied in the 
present investigation. Furthermore most of the workers studied varietal variation against Jassid population on non Bt-cotton.   
 In the present study,  the population was recorded  to be maximum from  2nd fortnight of July to 2nd fortnight of August during 
2009 and   2nd fortnight of July to 3rd fortnight of August 2010 with the highest peak of 4.12 per leaf on August 01, 2009 and 3.95 per 
leaf  on August 16, 2010.  The present findings are not in conformity with those of Gupta et al. (1997) who observed that the highest 
population of Jassid on 2nd fortnight of August to 1st fortnight of October. The variation might be due to uncertain weather conditions. 
The present findings can partially be compared with those of Anonymous (1998) who reported that the peak population of Jassid was 
recorded during 3rd week of August. But in the present investigation the highest peak was observed during the 3rd week of August 
2010, while during 2009 the peak population of Jassid was recorded on August 01, 2009.  The present findings are in conformity with 
those of Kalroo (2001) who reported that Jassid population reached to a peak level during 3rd week of August. The present findings are 
not in conformity with those of Shivanna et al. (2009) who reported that maximum leaf hopper was recorded to be 19.20 per 3 leaves 
during 2nd fortnight of May. The variation was in the sowing time as well as possibly weather conditions.  
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SECTION II 
5.2 Role of weather in Population Fluctuation of Jassid on Selected Genotypes of Bt-Cotton 
 The study was conducted to determine the effect of weather factor on the population fluctuation of Jassid under field 
conditions on various genotypes of Bt-cotton during 2009, 2010 and on cumulative basis. The data were computed for simple 
correlation and multiple linear regression analysis of variance. The coefficient of determination value for each factor during the study 
period were also determined with the objective to find the active role of weather factor towards population change.  The study 
revealed that minimum temperature during 2009 showed positive and significant correlation with the pest population,  whereas during 
2010 maximum temperature had negative and significant correlation with the pest density. The present findings are partially in 
conformity with those of Ali et al. (1993) who reported that temperature played significant and positive role in Jassid density. But in 
the present study minimum temperature during 2009 and maximum temperature 2010 showed positive and negative correlations, 
respectively, with the pest density. The findings of the present study contradicted with the findings of Riaz et al. (1996) who reported 
non significant correlation between Jassid population and temperature. The present findings are also contradicted with those of 
Shivanna et al. (2009) who reported positive and significant correlation between maximum temperature and leaf hopper population. 
The present findings cannot be compared with those of Wahla et al. (1996) who discovered that change in temperature was positively 
correlated with the sucking insect pests as against those in the minimum temperature as well as that in the relative humidity which 
were negatively correlated to it. The present findings can partially be compared with those of Aheer et al. (2006) who reported 
significant and negative effect of maximum temperature on Jassid adult and nymphs, furthermore they also found that minimum and 
average temperature showed positive and significant correlation with Jassid adult. In the present study, relative humidity was also 
found to be an important weather factor which showed positive and significant correlation with the pest density during 2010 as well as 
on cumulative basis. The present findings are in conformity with those of Aheer et al. (2006) who also reported positive and 
significant correlation between relative humidity and Jassid adult the present findings are not in conformity with those of Shivanna et 
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al. (2009), who reported that relative humidity showed non significant correlation with the population of Jassid. In the present study, 
rainfall showed positive and significant correlation with the pest population during 2010 as well as on cumulative basis. The present 
findings are in conformity with those of Nachapong et al. (1984) who reported that heavy rain provides appreciable natural control of 
Jassid. Similarly the findings of Shivanna et al. (2009) are also not in conformity with the present findings who reported that rainfall 
had negative and significant correlation with the Jassid population. The present findings are not in conformity with those of Ali et al. 
(1993) who reported that rainfall had significant and negative correlation with the pest population whereas in the present study a 
positive and significant correlation between Jassid density and rainfall was found. In the present study, Multiple linear regression 
analysis  revealed that minimum temperature is the most important factors which contributed maximum impact during 2009 and 2010,  
as well as on cumulative basis i.e. 65.2, 42.3 and 32.3 percent, respectively. On cumulative basis, the effect of all the factors when 
computed together resulted in 77.1 percent, 91.6 percent and 66.3 percent contribution in per unit population change of the pest during 
2009, 2010 and on average basis, respectively. The present findings are not in conformity with those of Ali et al. (1993) who reported 
46 percent role in population fluctuation of Jassid when weather factors computed together. Similarly the present findings are also not 
in conformity with those of Riaz et al. (1996) who reported that the combined effect of temperature and relative humidity was 46.91 
percent for the population fluctuation of Jassid. The present findings are not in conformity with those of Aheer et al. (2006) who 
reported 18.7 and 6.4 percent role in population fluctuation of Jassid nymphs and adults, respectively.  In the present study, maximum 
temperature during 2010 showed 31.1 percent impact in per unit change of pest density and also found to be an important factor.  
 
 
 
 
 
 
 
SECTION III 
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5.3 Role of Physico-Morphological and Chemical Plant Characters in the Expression of Resistance 
 
 Various physico-morphological and chemical plant characters were co-related with the population density of Jassid (nymph + 
adult) with the objective to determine the effect of these characters in population fluctuation of the pest on various selective genotypes 
of Bt-Cotton viz., Auriga-101, MNH-886, BT-121, CA-12, AA-703 and MG-06.  The results revealed significant difference among 
genotypes regarding all the physico-morphic and chemical plant characters. The present findings are not in conformity with those of 
Ali and Ahmad (1982) and Yousaf and Ahmad (1990) who reported non-significant difference among varieties regarding Jassid, 
nymph and adult population per leaf. This variation might be due to different set up genotypes as those of studied in the present 
findings.  
In the present study, hair density on midrib, vein and lamina showed significant (P < 0.01) and negative correlation with the 
pest population having r-values of 0.949, 0.956 and 0.581, respectively. The present findings are in conformity with those of Riaz et 
al. (1987), Ali et al. (1995), Ali et al. (1999), Hasan et al. (1999), Raza (2000), Bashir et al. (2001) and Aslam et at. (2004) who also 
reported negative correlation between population of jassid and hair density. But according to Ashfaq et al. (2010) that hair density on 
midrib, vein and lamina had a non-significant effect on the population of Jassid. Similarly the findings of Naveed et al. (2011) also 
contradicted with the present findings who reported higher population of Jassid on variety showing higher hair density and vise versa.  
 Length of hair was not important as it showed non-significant correlation with the population of Jassid. However, the effect 
was found to be negative. The present findings are contradicted with those of Raza (2000), who reported that length of hair on leaf 
midrib showed negative correlation with Jassid nymph. The present findings are also not in conformity with hose of Aslam et at. 
(2004) who reported that length of hair was important morphic character contributing some resistance against jassid.   
 Thickness of leaf lamina exerted positive and significant correlation with the Jassid density per leaf with r-value of 0.941. The 
present findings are in conformity with those of Ali et al. (1995) who also reported positive and highly significant correlation between 
Jassid population and thickness of leaf lamina.  
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 Gossypol glands on midrib (P<0.01) and vein (P < 0.01) showed positive and significant correlation with the population 
density of Jassid per leaf while on lamina had negative and significant (P < 0.05) effect. The present findings are partially in 
conformity with those of Ali et al. (1995a), who reported that gossypol glands on midrib and lamina were not important for Jassid 
population but gossypol glands on vein exerted highly significant and positive correlation with the pest population. This is due the 
variation in varietal material. 
In the present study, length of hair was not important, as it showed non significant correlation with the Jassid population. The 
present findings are in conformity with those of Ali et al. (1995).  
Total minerals showed positive and significant correlation (r=0.907**), while reducing sugar, calcium and manganese had 
negative and significant correlation with the pest population, having r- values of 0.605**, 0.803** and 0.453*, respectively. Moisture 
percentage, nitrogen, protein, lipids, magnesium, phosphorus, potassium, copper, zinc and ferrous were not so important as they 
showed non significant correlation with the Jassid population. The present findings are in agreement with those of Ali et al. (1995a) 
who reported that moisture contents were not important for Jassid. The present findings can partially be compared with those of Ali et 
al. (1995b) who reported that total lipids, reducing sugar, magnesium and calcium in middle + bottom leaves showed significant and 
negative correlation with Jassid population while total minerals had positive and significant effect on the Jassid population. But in the 
present study total lipids and magnesium showed non-significant correlation with the pest density.  The present findings are 
contradicted with those of Ali et al. (1995c) who stated that reducing sugar had positive and significant correlation with the jassid 
density.  
 Multiple linear regression analysis of variance revealed that hair density on midrib was the most important character which 
contributed maximum in per unit change of pest density i. e. 90% followed by hair density on vein and lamina showing 5.3 % and 1.3 
% impact in variation of the pest, respectively.  
 Amongst chemical plant factors, total minerals were found to be the most important characters resulted in 82.3 percent impact 
in population variation of Jassid per leaf. The impact of reducing sugar, calcium and magnesium was calculated to be 0.1, 3.7 and 0.6 
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percent, respectively in per unit change of the pest density.  
SECTION IV 
5.4 Bio-Intensive Management of Jassid on Bt-Cotton MG-06  
Various control methods viz. application of biological agents (C. septumpunctata and C. carnea @ one 2nd instar larvae per 
plant at weekly interval from  9.7.2011 to 6.9.2011) , botanical control ( spray of neem seed kernel extract, Neemasol 5%) @ 1500 
ml/ha) and spinosad 240 SC @ 125 ml/ha were sprayed five times on 09.07.2011, 23.07.2011, 07.08.2011, 22.08.2011 and 
06.09.2011. These treatments were studied individually and in their all possible interactions against Jassid population.  A 
comparatively resistant genotype of Bt cotton i.e. MG-06 selected from screening trial was sown in the Farmer’s Field Chak No. 
38/J.B. Dagora, District Faisalabad during 2011. The data on Jassid population per leaf and seed cotton yield kg/ha was recorded. The 
cost benefit ratio of reach treatment was calculated thereafter. 
 The results revealed that Jassid population per leaf differed significantly in various treatments.  The maximum control of Jassid 
was recorded to be 0.35 per leaf in those treatments where all the methods were integrated together and also showed the maximum 
mortality of the pest i.e. 88.59 percent. The release of C. septumpunctata showed maximum Jassid population i.e. 2.22 per leaf with 
minimum mortality i.e. 27.68 percent. Furthermore it is evident from the results that spray of spinosad 240 SC alone and integrated 
with other control methods resulted in higher mortality of the pest and found to be the most effective.  
 The application of neem seed kernal extract (Neemasol 5%) and in its   all possible interactions with other control methods 
showed intermediate effect in controlling the Jassid population. Furthermore regarding seed cotton yield, the results showed 
significant difference among treatments. The maximum seed cotton yield was recorded to be 14.332 kg/plot with maximum increase 
in yield i.e. 2038.499 kg/ha in those plots where all the control methods were integrated together. The CBR value was not so high due 
to increase in treatment expenditure. The release of biological agents resulted in the lowest seed cotton yield with minimum increase 
over control. The spray of neem seed kernel (Neemasol 5%) extract singly and its integration with biological agents showed as 
intermediate trend regarding seed cotton yield and CBRs. Furthermore the spray of Spinosad 240 SC alone was proved to be a good 
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treatment showing maximum CBR value i.e. 1: 7.47. This treatment was found to be safe, economical and easy to apply and 
recommended for the farmers. A critical review of these results that increase in seed cotton yield in the Spinosad 240 SC application 
treatment was 1414.201 percent which was less than T-7 (release of C. septumpunctata + spray of Spinosad 240 SC), T-10 (spray of 
NSKE and spinosad 240 SC), T-12 (release of biological agents + Spinosad 240 SC, T-13 (release of C. septumpunctata + spray of 
NSKE + Spinosad), T-14 (release of C. carnea + spray of NSKE and spinosad 240 SC) and T-15 (integration of all the control 
methods). Furthermore from these results, it was concluded that the application of spinosad 240 SC, singly and in its integration with 
other control methods, had higher yield kg/plot compared to those of other treatments.. The present findings can not be compared with 
those of Razaq et al. (2003) who studied the comparative efficacy of thiomethoxam 25 WG @ 500 ml, diafenthiuron 500SC @ 825 
ml, bifenthrin 10EC @ 625 ml, acetamiprid 20SC @312 gm and imidacloprid 200SL @ 500ml against the Jassid and reported no 
difference. Similarly, according to Kannan et al. (2004) that seed treatment with imidacloprid @ 5 kg-1 proved effective in keeping 
the population of Jassid below economic threshold level up to 40 days.  The present findings can partially be compared with those of 
Hasan et al. (2007) who reported that the release of Chrysoperla carnea and Trichogramma chilonis, individually as well as integrated 
with insecticides, proved as effective as chemical control against sucking insect pests.  They further stated that integrated control 
proved economical, but in the present study the application of bio control agent did not give satisfactory results when were applied 
individually but in integration with chemical, it showed good control of the pest under study.   
The present findings can not be compared with those of Biradar et al. (2008), who conserved the biological control for the 
management of pests in Bt cotton. The present findings can also not be compared with those of Khan (2011), who evaluated various 
chemical insecticides for the control of sucking insect pests of cotton other than spinosad 240 SC. The findings of Hanumantharaya et 
al. (2008) are not in support with the present findings, due to differences in their materials and methods. Similarly Kumar et al. (2011) 
compared insect pests management modules developed for transgenic cotton with recommended package of practices on Bt cotton and 
reported better results in IPM models as compared to recommended package of practices. Five plant derivatives viz. lemon oil, 
bittergourd extract, bakain leaf extract, neem oil and neem leaf extract were evaluated for their repellency and phago deterrent effect 
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against jassid with three replications on variety CIM-496,  and found that lemon oil proved to be the most effective plant derivative. 
But in the present study, only neem seed kernel extract (Neemasol 5%) was studied individually as well as in integrated mode with bio 
agents and insecticides. The results showed intermediate response to control the jassid when this plant derivative was applied singly.  
 In the present study, the minimum CBR value was recorded to be 1: 0.94 in those plots where biological control agents and 
neem seed kernel extract (Neemasol 5%) were integrated.  The present findings cannot be compared with those of Shanmugam et al. 
(2006) who compared bio-intensive management models with farmer package of practice for Mech-162 Bt and Mech-162  Non Bt in 
relation to incidence of leaf hopper. Similarly the findings of Udikeri et al. (2009), Shuja et al. (1994) and Maketon et al. (2008) also 
cannot be compared with the present findings due to differences in their materials and methods. The present findings are not in 
conformity with those of Hasan et al. (2007) who reported that integration of bio control agents such as C. carnea and Trichogramma 
chilonis individually as well as jointly with insecticides proved as effective as chemical control uses in recommended insecticides 
against sucking insects pests They further reported that integrated control proved economical as it reduced the number of insecticides 
spray from 8 to 2, but in the present study the biological agents applied singly and in their combination did not show encouraging 
results on cotton in Pakistan that might be due to high temperature in the fields.  
 
 
 
 
CHAPTER 6 
SUMMARY AND CONCLUSION                                                                                   
SECTION I 
6.1 Host Plant Resistance  
 
Twenty genotypes of Bt-cotton viz., Auriga-213, CIM-595, PSC-2, MNH-886, PSC-3,  
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SB-149, KZ-389, Auriga-101, CA-12, FH-4243, BT-121, CA-11, MNH-856, VH-259, BH-178, Tarzan-01, MH-6, AA-703, Sitara-
008 and IR-824 were tested for their resistance susceptibility against Jassid (nymph + adult)  based on per seedling and per leaf 
population density count  during 2009 and 2010 under field conditions as preliminary and final screening trials.  From preliminary 
screening study during 2009, six genotypes of Bt-cotton 2 showing susceptible response (Auriga-101 and MNH-886), 2 showing 
resistance (AA-703 and MG-06), and 2 showing intermediate trend (BT-121 and CA-12) were selected for further screening 
experiment during 2010. The data on Jassid population per leaf and per seedling basis were recorded. The results are summarized as 
under: 
 During preliminary screening experiment, the genotype differed significantly with each other based on per seedling and 
per leaf   population density count of Jassid.   
 The genotype Auriga-213 showed maximum population per seedling i.e. 1.53 whereas the genotype IR-824 had zero 
population per seedling.  
 Based on per leaf population density count, in the preliminary screening trial, Auriga-101 and MNH-886 possessed 
maximum Jassid population per leaf i.e. 2.11 and appeared as susceptible whereas MG-06 showed minimum Jassid 
population per leaf i.e. 1.08 and found to be comparatively resistant.  
 During final screening trial, the genotypes Auriga-101 and MNH-886 proved to be susceptible based on both per 
seedlings and per leaf population density count of Jassid while AA-703 and MG-06 appeared as comparatively 
resistant. The genotype BT-121 and CA-12 found intermediate. 
 The maximum population of Jassid (nymph + adult) was recorded to be 4.12 per leaf on August 01, 2009 where as, 
during 2010 the maximum population of the pest was recorded to be 3.95 per leaf on August 16, 2010. There was only 
one peak in both the study years.  
 The HPSIs on an average basis of both the study years showed that Auriga-101 and MNH-886 were proved to be 
susceptible based on both per seedling and per population density count of Jassid per leaf whereas AA-703 and MG-06 
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showed minimum HPSI and proved comparatively resistant.  
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SECTION II 
6.2 Role of weather in Population Fluctuation of Jassid on Selected Genotypes of Bt-Cotton 
 
 The effect of various weather factors viz. maximum, minimum and average temperatures, relative humidity and rainfall on the 
population fluctuation of the Jassid per leaf on various genotypes of Bt-cotton during 2009 and 2010 separately and on cumulative 
basis was determined. The results are summarized as under:   
- Minimum temperature during 2009 exerted positive and significant   
(P < 0.01) correlation with the Jassid population showing r-value of 0.667.  
- Maximum temperature during 2010 had negative and significant correlation (P < 0.01) with the pest density on per leaf 
basis showing r-value of 0.558.   
- Relative humidity during 2010 and on cumulative basis of both the study years viz. 2009 and 2010 resulted significant 
(P < 0.01) and positive correlation with the pest population showing r-values of 0.835 and 0.591.   
- Rainfall during 2010 and on cumulative basis of both the study years resulted in significant (P < 0.01) and positive 
correlation with the pest population.  
- Multiple regression models reveal that minimum temperature during 2009, 2010 and on cumulative basis of both the 
study years resulted in maximum impact on the per unit change in pest population i.e., 65.2, 42.3 and 32.3 percent, 
respectively. Furthermore, maximum temperature during 2010 also exerted a reasonable contribution i.e., 31.1 percent 
in population fluctuation of the pest. The impact of all the factors when computed together during 2009, 2010 and on 
cumulative basis was 77.1, 97.6 and 66.3 percent, respectively on the population of Jassid.  
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SECTION III 
 
6.3 Role of Physico-Morphological and Chemical Plant Characters in the Expression of Resistance 
 
 Six selected  genotypes of Bt-cotton viz., Auriga-101, MNH-886,  (showing susceptible response), BT-121, CA-12 (having 
intermediate trend) and AA-703 and MG-06 (having comparative resistant response to Jassid population per leaf) were studied for 
their physico-morphic (hair density, length of hair and gossypol glands on midrib, vein and lamina and thickness of leaf lamina)  and 
chemical plant characters (moisture content, total minerals, nitrogen, protein, lipids, reducing sugar, calcium, magnesium, phosphorus, 
potassium, copper, zinc, manganese and ferrous)  with the objective to determine their effect on the population of Jassid per leaf. The 
data were processed for simple correlation and linear regression analysis of variance through steps. The results are summarized as 
under:  
- All the selected genotypes of Bt-cotton differed significantly in all the physico-morphic and chemical plant characters.  
- Hair density on midrib, vein and lamina had negative and significant correlation showing r-values of 0.949, 0.956 and 
0.581, respectively with the Jassid population.  
- Length of hair on midrib and vein had non significant correlation with the pest density. 
- Thickness of leaf lamina exerted positive and significant correlation with the Jassid population per leaf having r-value 
of 0.941.  
- Gossypol glands on midrib and vein showed positive and significant correlation with the pest population while 
gossypol glands on lamina had negative and significant effect on the pest density.  
- Total minerals exerted positive and significant effect on the Jassid population per leaf with r-value of 0.907 whereas 
reducing sugar, calcium and manganese showed negative and significant correlation with the Jassid density having r-
values of 0.605, 0.803 and 0.453, respectively.   
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- Multiple linear regression models revealed that hair density on midrib and total minerals in the leaves were the most 
important characters which brought maximum change i.e. 90 percent and 82.3 percent, respectively in population 
density of the Jassid per leaf.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SECTION IV 
6.4 Bio-Intensive Management of Jassid on Bt-Cotton MG-06  
The study was conducted on bio-intensive management of Jassid for resistant genotype of Bt-cotton (MG-06) under field 
conditions during 2011. Various control methods like release of C. septumpunctata, C. carnea, spray of neem seed kernel (Neemasol 
5%) and spinosad 240 SC at the rate of one 2nd instar larvae per plant at weekly interval each of C. septumpunctata and C. carnea and 
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at the rate of 1500 ml/hac and 125 ml/ha, respectively were studied for their comparative effectiveness against Jassid. The data 
regarding Jassid population per leaf, percent Jassid mortality, seed cotton yield kg/plot and increase in seed cotton yield kg/ha were 
recorded. The Cost benefit ratio was calculated thereafter. The results are summarized as under:   
- Significant difference was found to exist among treatments regarding Jassid population per leaf. The minimum Jassid 
population was recorded to be 0.35 per leaf with maximum mortality of the pest i.e., 88.59 percent was observed in 
those plots where all the control methods were integrated together. The maximum population of Jassid was recorded to 
be 2.22/leaf with minimum mortality of the pest i.e., 27.68 percent in those plots C. septumpunctata was released and 
was found at par statistically with those plots where C. carnea was release i.e., 2.18 per leaf with 28.99 percent 
mortality of the pest. 
- The application of spinosad 240 SC applied singly and integrated with other control methods resulted in higher pest 
mortality.  
- The results pertaining to seed cotton yield kg/plot showed significant difference among various control treatments. The 
maximum yield was recorded to be 14.332 kg/plot in those plots where all the control methods were integrated whereas 
minimum seed cotton yield was recorded to be 9.387 kg/plot in those plots where C. carnea was released.   
- The combination of all the methods resulted in maximum increase in seed cotton yield 2038.494 kg/ha whereas 
minimum increase in seed cotton yield was recorded to be 619.125 kg/ha in those plots where C. carnea was released. 
- The maximum cost benefit ratio was calculated to be 1: 7.47 in those plots where spinosad 240 SC was sprayed singly, 
whereas minimum CBR was found to be 1:0.94 in those plots where neem seed kernel extract (Neemasol 5%) were 
sprayed in combination with C. septumpunctata and C. carnea. 
- The integration of all the control methods resulted in 1: 1.70 CBR which was low due to increase in expenditure.  
 
It is concluded that IR-824 found resistant at seedling stage whereas BT-121 and CA-12 found comparative resistant per leaf 
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population density. In addition to this temperature played an additive effect on Jassid population level. However, gossypol glands on 
midrib and vein exerted positive and significant influence. On the application of tracer (Spinosad) 240SC (singly and integrated) 
resulted in higher pest mortality but CBR (1:1.70) is too low due to increase of expenditure. 
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Appendix 1: Lay out of Preliminary Screening Trial 
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Appendix 2: Lay out of Final Screening Trials 
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Appendix 3: Lay out of Integration of Various Methods for the Control of Jassid on Bt-MG-06 Cotton 
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Appendix 4: Population of Jassid (Nypmh+Adult) on Seedlings of Various Genotypes  
 of Bt-Cotton Recorded on Different Dates of Observation during 2009. 
 
Name of 
Genotypes 
May 25 June 02 
R1 R2 R3 R1 R2 R3 
AA-703 0 0 0 0.1 0 0 
AURIGA-101 0 0 0 2.3 2.4 2.2 
AURIGA-213 0 0.2 0.1 3.4 2.8 2.7 
BH-178 0 0 0.1 1.5 1.4 1.4 
Bt-121 0 0 0 2.0 1.9 1.6 
CA-11 0 0.1 0 1.8 1.6 1.7 
CA-12 0 0 0 2.4 2.3 2.2 
CIM-595 0.2 0.1 0.1 2.9 3.1 2.7 
FH-4243 0 0 0.1 2.0 1.9 2.1 
IR-824 0 0 0 0 0 0 
MG-06 0 0 0 0 0 0.2 
KZ-389 0 0 0 2.5 2.3 2.4 
MNH-856 0 0 0 1.5 1.6 1.7 
MNH-886 0.1 0.3 0 2.5 2.6 2.3 
PSC-2 0.1 0.1 0.1 2.4 3.2 3.1 
PSC-3 0.2 0.1 0 2.6 2.5 2.4 
SB-149 0 0.2 0 2.5 2.4 2.4 
SITARA-008 0 0 0 0 0 0.1 
Tarzan-1 0 0.1 0.1 1.2 1.3 1.5 
VH-259 0 0 0.2 1.3 1.4 1.6 
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Appendix 5: Population of Jassid (Nypmh+Adult) per Leaf of Various Genotypes of  
 Bt-Cotton Recorded on Different Dates of Observation during 2009. 
 
 
 
Name of 
Genotypes 
June 10 June 17 June 24 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
AA-703 0.07 0 0.0 0.07 0.14 0.0 0.14 0.14 0.07 
AURIGA-101 0.47 0.54 0.34 0.54 0.40 0.47 0.60 0.54 0.47 
AURIGA-213 0.54 0.34 0.40 0.40 0.40 0.47 0.67 0.47 0.47 
BH-178 0.14 0.20 0.07 0.34 0.27 0.20 0.34 0.47 0.27 
Bt-121 0.27 0.07 0.07 0.20 0.34 0.14 0.54 0.34 0.20 
CA-11 0.20 0.14 0.14 0.27 0.20 0.07 0.60 0.47 0.40 
CA-12 0.27 0.07 0.20 0.34 0.27 0.14 0.34 0.47 0.47 
CIM-595 0.40 0.34 0.40 0.54 0.47 0.40 0.54 0.60 0.54 
FH-4243 0.20 0.27 0.14 0.54 0.14 0.27 0.27 0.40 0.34 
IR-824 0 0.14 0.0 0.20 0.07 0.00 0.20 0.14 0.07 
MG-06 0.07 0.07 0.0 0.07 0.14 0.07 0.14 0.07 0.07 
KZ-389 0.27 0.07 0.20 0.27 0.20 0.14 0.47 0.40 0.47 
MNH-856 0.14 0.20 0.27 0.14 0.40 0.20 0.54 0.27 0.34 
MNH-886 0.47 0.40 0.34 0.40 0.54 0.47 0.60 0.54 0.40 
PSC-2 0.40 0.34 0.27 0.60 0.34 0.47 0.54 0.40 0.27 
PSC-3 0.20 0.47 0.54 0.47 0.27 0.34 0.40 0.34 0.60 
SB-149 0.40 0.34 0.27 0.27 0.47 0.47 0.60 0.67 0.54 
SITARA-008 0.14 0 0.07 0.14 0.07 0.07 0.20 0.07 0.14 
Tarzan-1 0.20 0.14 0.27 0.14 0.27 0.20 0.40 0.34 0.40 
VH-259 0.34 0.07 0.07 0.20 0.14 0.34 0.34 0.47 0.40 
         CONTNUE………….. 
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Name of 
Genotypes 
July 02 July 09 July 17 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
AA-703 0.20 0.14 0.20 1.27 1.34 1.20 2.54 2.60 2.47 
AURIGA-101 0.60 0.60 0.67 1.94 1.87 2.00 3.14 3.20 3.20 
AURIGA-213 0.67 0.40 0.54 1.80 2.07 1.80 3.27 3.14 3.20 
BH-178 0.34 0.27 0.40 1.60 1.67 1.47 2.80 3.14 3.07 
Bt-121 0.54 0.27 0.60 1.47 1.80 1.40 3.07 3.34 3.00 
CA-11 0.67 0.47 0.34 1.74 1.40 1.60 2.94 3.00 2.87 
CA-12 0.47 0.54 0.40 1.74 1.60 1.54 2.87 2.87 2.80 
CIM-595 0.80 0.74 0.60 2.07 2.20 1.87 3.20 3.14 3.20 
FH-4243 0.67 0.60 0.60 1.67 1.60 1.74 3.00 2.74 2.87 
IR-824 0.14 0.27 0.20 1.20 1.20 1.27 2.40 2.47 2.54 
MG-06 0.07 0.20 0.27 1.34 1.40 1.20 2.47 2.47 2.40 
KZ-389 0.47 0.47 0.34 1.87 1.54 1.54 3.00 2.94 2.60 
MNH-856 0.74 0.54 0.40 1.74 1.67 1.54 2.74 2.60 2.87 
MNH-886 0.60 0.74 0.60 1.87 2.07 1.94 3.27 3.74 3.40 
PSC-2 0.54 0.60 0.74 1.94 2.14 1.80 3.07 3.27 3.34 
PSC-3 0.47 0.74 0.80 1.87 1.94 2.20 2.94 3.00 3.07 
SB-149 0.74 0.67 0.80 2.07 1.94 1.80 3.14 2.07 2.94 
SITARA-008 0.34 0.14 0.14 1.47 1.14 1.27 2.54 2.60 2.40 
Tarzan-1 0.40 0.54 0.47 1.60 1.67 1.87 2.94 2.80 2.74 
VH-259 0.34 0.60 0.40 1.80 1.74 1.67 2.87 2.80 2.87 
         CONTNUE………….. 
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Name of 
Genotypes 
July 24 August 01 August 08 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
AA-703 2.67 2.60 2.54 2.74 2.80 2.94 2.80 2.80 2.74 
AURIGA-101 5.54 5.40 5.60 5.80 5.67 5.74 3.94 3.87 4.00 
AURIGA-213 5.67 5.27 5.34 5.40 5.60 5.87 4.14 3.80 3.74 
BH-178 3.14 3.20 3.07 3.27 3.34 3.27 3.54 3.67 3.47 
Bt-121 3.00 3.27 3.20 3.40 3.47 3.20 3.60 3.54 3.74 
CA-11 2.94 2.00 2.87 3.54 3.34 3.40 3.74 3.14 3.27 
CA-12 3.07 3.20 3.14 3.27 3.60 3.54 3.54 3.60 3.07 
CIM-595 5.27 5.40 5.34 5.94 5.80 5.54 3.67 4.00 3.94 
FH-4243 3.14 3.20 3.07 3.47 3.40 3.67 3.34 3.40 3.07 
IR-824 2.34 2.74 2.47 2.80 2.67 2.80 2.74 2.84 2.67 
MG-06 2.54 2.60 2.54 2.87 2.74 2.54 2.94 2.80 2.74 
KZ-389 3.20 3.07 3.00 3.47 3.54 3.74 3.34 3.14 3.40 
MNH-856 3.27 2.94 3.14 3.54 3.34 3.47 3.40 3.54 3.34 
MNH-886 5.14 5.60 5.47 5.67 5.54 5.87 4.00 3.94 3.67 
PSC-2 5.67 5.54 5.74 5.74 5.94 5.60 4.14 4.07 3.80 
PSC-3 4.60 4.54 4.54 5.54 5.74 5.67 3.74 3.94 3.87 
SB-149 5.40 5.34 5.54 5.74 5.60 5.80 3.80 4.00 3.80 
SITARA-008 2.67 2.60 2.67 2.67 2.74 2.67 2.67 2.94 2.80 
Tarzan-1 3.27 3.14 3.07 3.54 3.74 4.40 3.27 3.40 3.60 
VH-259 3.14 3.07 3.20 3.60 3.47 3.34 3.67 3.54 3.40 
         CONTNUE………….. 
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Name of 
Genotypes 
August 15 August 22 August 29 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
AA-703 1.87 1.80 2.00 1.07 0.94 0.94 1.00 0.94 0.94 
AURIGA-101 4.20 4.14 4.40 2.54 2.47 2.27 2.20 2.07 1.94 
AURIGA-213 4.07 4.14 3.94 2.20 2.40 2.34 1.87 1.80 2.00 
BH-178 3.34 3.67 3.80 1.87 1.74 1.67 1.27 1.47 1.60 
Bt-121 3.74 3.67 3.94 1.94 1.87 1.74 1.67 1.54 1.47 
CA-11 3.60 4.07 3.74 2.20 1.67 1.87 1.74 1.60 4.54 
CA-12 3.60 3.74 3.94 2.07 1.94 2.14 1.67 1.80 1.60 
CIM-595 4.00 4.14 4.27 2.07 1.94 2.54 2.00 2.07 1.87 
FH-4243 3.94 3.80 3.74 1.67 1.60 1.80 1.54 2.00 1.80 
IR-824 3.07 2.80 2.94 0.87 1.14 1.07 0.87 0.87 1.07 
MG-06 1.94 1.87 1.07 1.20 0.80 0.94 1.14 0.74 0.67 
KZ-389 3.47 3.54 3.60 1.74 1.74 2.00 1.80 1.74 1.94 
MNH-856 3.67 3.74 3.80 2.14 2.07 1.80 1.74 2.00 1.67 
MNH-886 4.54 4.27 4.14 2.67 2.34 2.07 1.94 1.74 2.00 
PSC-2 4.00 3.87 3.94 2.27 2.40 2.20 1.54 2.07 2.14 
PSC-3 4.20 4.14 3.87 1.94 2.07 2.47 1.87 1.94 2.20 
SB-149 3.80 4.07 3.94 2.40 2.14 2.00 2.07 2.14 2.07 
SITARA-008 1.74 1.80 2.07 0.80 0.94 1.07 0.87 0.94 1.00 
Tarzan-1 3.34 3.80 3.74 1.74 1.87 2.07 1.60 1.54 1.47 
VH-259 3.60 3.54 3.67 1.60 2.00 1.80 1.94 1.80 1.67 
         CONTNUE………….. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 APPENDIX   
 
 
  110 
 
 
 
  
Name of 
Genotypes 
September 05 September 12 September 19 September 26 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
AA-703 0.67 0.60 0.54 0.54 0.47 0.54 0.27 0.34 0.27 0.20 0.34 0.27 
AURIGA-101 1.07 1.00 1.14 0.94 1.00 0.87 0.47 0.34 0.40 0.34 0.14 0.27 
AURIGA-213 0.94 1.20 1.14 0.80 0.74 0.94 0.34 0.60 0.34 0.54 0.60 0.47 
BH-178 0.74 0.94 1.00 0.47 0.60 0.67 0.27 0.34 0.47 0.14 0.07 0.40 
Bt-121 0.87 0.80 0.67 0.54 0.47 0.54 0.34 0.20 0.47 0.47 0.27 0.20 
CA-11 0.80 0.74 0.94 0.40 0.80 0.47 0.40 0.27 0.20 0.20 0.27 0.40 
CA-12 0.87 0.94 0.67 0.47 0.54 0.34 0.14 0.67 0.00 0.14 0.47 0.27 
CIM-595 1.27 0.94 1.20 1.00 0.94 1.14 0.27 0.47 0.40 0.27 0.47 0.40 
FH-4243 0.54 1.07 1.14 0.94 1.00 0.80 0.27 0.20 0.14 0.27 0.34 0.20 
IR-824 0.60 0.87 0.74 0.47 0.40 0.74 0.20 0.54 0.47 0.27 0.20 0.14 
MG-06 0.47 0.80 0.74 0.27 0.20 0.34 0.40 0.34 0.27 0.34 0.27 0.34 
KZ-389 1.14 1.00 0.94 0.54 0.60 0.40 0.34 0.20 0.47 0.20 0.14 0.27 
MNH-856 0.87 0.80 0.94 0.40 0.34 0.54 0.40 0.54 0.34 0.40 0.14 0.07 
MNH-886 1.07 1.14 1.27 0.87 0.74 0.80 0.34 0.27 0.47 0.27 0.47 0.60 
PSC-2 1.34 1.07 1.00 0.94 0.87 0.74 0.40 0.54 0.07 0.34 0.20 0.40 
PSC-3 1.20 1.47 1.27 1.00 1.14 0.87 0.34 0.27 0.54 0.47 0.27 0.20 
SB-149 1.14 1.07 1.20 0.67 0.74 1.34 0.40 0.47 0.34 0.14 0.34 0.27 
SITARA-008 0.74 0.67 0.87 0.67 0.54 0.60 0.27 0.27 0.14 0.47 0.34 0.27 
Tarzan-1 0.67 0.94 0.80 0.54 0.47 0.67 0.20 0.14 0.07 0.20 0.34 0.14 
VH-259 1.00 1.07 0.60 0.60 0.54 0.47 0.27 0.20 0.14 0.07 0.34 0.27 
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Appendix 6: Population of Jassid (Nypmh+Adult) on Seedlings of Various Genotypes  
 of Bt-Cotton Recorded on Different Dates of Observation during 2010. 
 
 
Name of 
Genotypes 
May 17 May 24 May 31 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-101  0 0.1 0 0.4 0.4 0.3 0.8 0.8 0.9 
MNH-886 0 0 0.2 0.5 0.2 0.3 1.1 0.9 0.8 
BT-121 0 0 0 0.2 0.2 0.3 0.5 0.6 0.5 
CA-12 0 0 0 0.1 0.2 0.4 0.5 0.4 0.5 
AA-703 0 0 0 0.1 0.1 0.0 0.2 0.3 0.1 
MG-06 0 0 0 0.1 0.0 0.0 0.1 0.1 0.2 
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Appendix 7: Population of Jassid (Nypmh+Adult) per Leaf of Various Genotypes of  
 Bt-Cotton Recorded on Different Dates of Observation during 2010. 
 
 
Name of 
Genotypes 
June 07 June 14 June 21 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-
101  
0.07 0.07 0.07 0.14 0.07 0.20 0.20 0.14 0.20 
MNH-886 0.07 0.14 0.00 0.07 0.07 0.14 0.14 0.14 0.20 
BT-121 0.00 0.07 0.07 0.07 0.14 0.00 0.14 0.07 0.20 
CA-12 0.00 0.00 0.14 0.00 0.07 0.07 0.20 0.14 0.07 
AA-703 0.07 0.00 0.07 0.07 0.00 0.07 0.20 0.07 0.07 
MG-06 0.00 0.07 0.07 0.07 0.00 0.00 0.14 0.00 0.14 
 
 
 
Name of 
Genotypes 
June 28 July 04 July 11 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-101  0.34 0.40 0.27 0.87 0.80 0.80 2.14 2.07 2.14 
MNH-886 0.27 0.27 0.34 0.94 0.80 0.74 2.00 2.07 2.94 
BT-121 0.00 0.14 0.34 0.74 0.67 0.67 0.87 0.74 0.80 
CA-12 0.47 0.07 0.20 0.84 0.47 0.54 0.80 0.87 0.87 
AA-703 0.27 0.14 0.20 0.47 0.54 0.54 0.74 0.80 0.74 
MG-06 0.20 0.14 0.20 0.54 0.47 0.40 0.84 0.74 0.67 
 
         CONTNUE………….. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 APPENDIX   
 
 
  113 
 
 
Name of 
Genotypes 
July 18 July 25 August 02 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-101  3.80 3.94 3.87 4.67 4.54 4.94 5.60 5.54 5.67 
MNH-886 3.67 3.80 3.87 4.80 4.94 4.94 5.54 5.67 5.54 
BT-121 2.67 2.60 2.54 3.80 3.87 3.94 3.47 3.40 3.54 
CA-12 2.54 2.60 2.67 3.94 3.87 3.87 3.54 3.34 3.47 
AA-703 1.00 1.14 1.07 2.00 2.74 2.14 2.34 2.27 2.40 
MG-06 1.14 1.07 0.94 2.94 2.14 2.07 2.40 2.40 2.34 
 
 
Name of 
Genotypes 
August 09 August 16 August 23 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-101  4.94 5.07 5.07 6.60 6.87 6.67 4.94 5.00 4.87 
MNH-886 5.20 5.00 4.94 5.74 6.60 6.54 4.87 4.74 5.07 
BT-121 3.80 3.87 3.94 3.34 3.14 3.27 3.67 3.54 3.47 
CA-12 3.94 3.80 3.80 3.07 3.14 3.27 3.54 3.47 3.67 
AA-703 2.74 2.74 2.60 2.00 2.94 2.07 2.27 2.34 2.40 
MG-06 2.67 2.60 2.67 1.94 1.87 2.07 2.47 2.27 2.20 
 
 
 
Name of 
Genotypes 
August 31 September 07 September 14 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-101  2.34 2.20 2.27 1.20 1.14 1.47 1.07 1.14 0.87 
MNH-886 2.47 2.07 2.14 1.40 1.27 1.67 1.00 0.94 0.94 
BT-121 1.00 1.07 1.94 1.34 1.27 1.20 0.87 1.07 0.87 
CA-12 1.94 1.94 2.14 1.14 1.20 1.27 1.00 0.74 0.80 
AA-703 1.27 1.97 1.54 1.00 0.94 1.07 0.67 0.80 0.87 
MG-06 1.47 1.40 1.67 0.94 0.87 1.07 0.80 0.74 0.74 
 
 
Name of 
Genotypes 
September 21 September 28 October 05 
R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-
101  
0.94 0.87 0.94 0.87 0.87 0.80 0.74 0.60 0.67 
MNH-886 1.00 0.80 0.87 0.80 0.67 0.74 0.60 0.54 0.47 
BT-121 0.74 0.67 0.74 0.60 0.67 0.60 0.47 0.60 0.40 
CA-12 0.60 0.74 0.67 0.74 0.47 0.74 0.34 0.40 0.34 
AA-703 0.54 0.60 0.74 0.60 0.54 0.60 0.40 0.40 0.27 
MG-06 0.47 0.54 0.60 0.47 0.54 0.60 0.27 0.40 0.34 
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Appendix 8: Weather Factors during 2009 
 
Date Temperature (oC) R. H. (%) Rainfall 
(mm)  
Maximum Minimum Average   
June 10 41.2 (6.46) 25.10 (5.05) 33.15 (5.80) 28.85 (5.71) 0.00 (0.71) 
June 17 38.75 (6.26) 25.11 (5.06) 31.93 (5.69) 45.00 (6.74) 3.60 (2.24) 
June 24 42.11 (6.52) 24.94 (5.04) 33.55 (5.83) 33.70 (5.84) 0.00 (0.71) 
July 02 40.3(6.38) 26.90 (5.23) 33.60 (5.84) 48.00 (8.96) 14.00 (3.81) 
July 09 39.8(6.34) 25.60 (5.10) 32.70 (5.76) 44.30 (8.69) 6.80 (2.82) 
July 17 38.10 (6.21) 26.90 (5.23) 32.50 (5.74) 64.70 (8.07) 21.00 (4.69) 
July 24 37.60 (6.17) 27.80 (5.31) 32.70 (5.76) 62.70 (7.94) 5.10 (2.44) 
August 01 37.10 (6.13) 26.80 (5.22) 31.90 (5.69) 64.55 (8.06) 5.60 (2.64) 
August 08 38.70 (6.26) 28.60 (5.39) 33.60 (5.83) 57.70 (7.42) 0.00 (0.71) 
August 15 39.30 (6.30) 28.10 (5.34) 33.70 (5.84) 54.50 (7.42) 0.00 (0.71) 
August 22 33.60 (5.83) 23.80 (4.92) 28.70 (5.40) 77.80 (8.84) 1.19 (1.41) 
August 29 34.90 (5.34) 24.70 (5.101) 29.80 (5.50) 70.10 (8.40) 18.40 (4.35) 
September 05 33.00 (5.78) 23.60 (4.91) 28.30 (5.36( 73.30 (8.59) 30.20 (5.56) 
September 12 35.10 (5.936) 23.00 (4.85) 29.00 (5.43) 64.50 (8.06) 0.00 (0.71) 
September 19 35.30 (5.98) 23.20 (4.87) 29.30 (5.45) 58.40 (7.67) 0.00 (0.71) 
September 26 38.20 (6.22) 25.40 (5.08) 31.80 (5.68) 57.80 (7.63) 0.00 (0.71) 
 
Appendix 9: Weather Factors during 2010 
 
Date Temperature (oC) R. H. (%) Rainfall 
(mm)  Maximum Minimum Average 
June 07 39.71 (6.34) 21.08 (4.65) 30.40 (5.56) 41.50 (6.48) 0.00 (0.71) 
June 14 39.14 (6.29) 23.73 (4.92) 31.44 (5.65) 40.11 (6.37) 0.00 (0.71) 
June 21 42.94 (6.59) 24.82 (5.03) 33.89 (5.86) 32.59 (5.74) 0.00 (0.71) 
June 28 41.40 (6.47) 26.71 (5.22) 34.06 (5.88) 45.59 (6.78) 0.00 (0.71) 
July 04 38.40 (6.24) 25.50 (5.09) 31.95 (5.69) 50.83 (7.16) 3.00 (1.87) 
July 11 41.60 (6.48) 25.83 (5.13) 33.72 (5.85) 57.00 (7.58) 23.00 (4.84) 
July 18 36.56 (6.08) 24.51 (4.90) 30.53 (5.57) 69.85 (8.38) 129.00 (11.38) 
July 25 33.74 (5.85) 23.51 (4.90) 28.63 (5.40) 74.44 (8.65) 132.00 (11.51) 
August 02 34.57 (5.92 24.88 (5.04) 29.74 (5.49) 73.25 (8.58) 312.09 (17.70) 
August 09 34.50 (5.92) 24.45 (4.99) 29.48 (5.48) 75.93 (8.74) 90.00 (9.51) 
August 16 35.36 (5.98) 23.96 (4.95) 29.66 (5.49) 78.25 (8.87) 140.07(11.88) 
August 23 36.02 (6.04) 24.64 (5.01) 25.33 (5.08) 76.99 (8.30) 8.04 (2.98) 
August 31 33.83 (5.85) 21.60 (4.70) 27.71 (5.31) 71.60 (8.49) 34.00 (5.87) 
September 07 36.67 (6.09) 24.57 (5.00) 30.62 (5.58) 68.78 (8.32) 8.60 (3.02) 
September 14 33.94 (5.87) 21.81 (4.72) 27.87 (5.33) 71.92 (8.51) 35.00 (5.96) 
September 21 32.47 (5.94) 18.57 (4.39) 25.66 (5.11)  68.97 (8.33) 27.50 (5.29) 
September 28 34.73 (5.94) 20.17 (4.55) 27.45 (5.28) 62.64 (7.94) 0.00 (0.71) 
October 05 36.41 (6.07) 19.27 (4.45) 27.84 (5.32) 53.09 (7.38) 0.00 (0.71) 
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Appendix 10:  Physico-morphological Plant Characters in the Leaves of Selected Genotypes of Bt-Cotton. 
 
Genotypes Hair Density Hair Length 
Midrib  Vein Lamina Midrib Vein Lamina 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-
101 
15.24 
(3.96) 
16.67 
(4.14) 
16.17 
(4.07) 
18.27 
(4.33) 
16.37 
(4.10) 
20.39 
(4.57) 
99.53  
(10.00) 
113.49 
(10.88) 
102.50 
(10.14) 
1419.23 
(37.67) 
1550.33 
(39.38) 
1884.81 
(38.53) 
1211.37 
(34.81) 
1237.66 
(35.18) 
1256.39 
(35.45) 
1207.95 
(34.76) 
1236.81 
(35.17) 
1268.78 
(35.62) 
MNH- 
886 
16.67 
(4.14) 
14.26 
(3.84) 
15.23 
(3.96) 
20.21 
(4.55) 
23.49 
(4.89) 
22.50 
(4.79) 
102.33 
(10.14) 
111.97 
(10.60) 
100.36 
(10.04) 
1829.77 
(42.78) 
1736.50 
(41.67) 
1556.65 
(39.46) 
1596.75 
(39.96) 
1567.81 
(39.60) 
1561.33 
(39.50) 
1460.87 
(38.22) 
1375.95 
(37.10) 
1461.70 
(38.23) 
BT-121 19.18 
(4.50) 
21.27 
(4.66) 
18.67 
(4.37) 
27.36 
(5.27) 
28.50 
(5.38) 
26.83 
(5.22) 
78.75 
(8.90) 
71.97 
(9.51) 
86.13 
(9.30) 
1887.81 
(43.45) 
1900.65 
(43.60) 
1877.81 
(43.33) 
1635.53 
(40.44) 
1576.67 
(39.71) 
1736.95 
(41.68) 
1331.14 
(36.49) 
1281.61 
(35.80) 
1307.77 
(36.17) 
CA-12 20.27 
(4.55) 
23.95 
(4.94) 
21.25 
(4.66) 
28.50 
(5.38) 
23.15 
(4.86) 
26.17 
(5.16) 
86.81 
(9.31) 
80.50  
(9 
63.36 
(7.99) 
1986.39 
(44.57) 
1899.37 
(43.58) 
1896.65 
(43.55) 
1336.31 
(36.56) 
1399.75 
(37.41) 
1275.37 
(35.70) 
1471.85 
(38.37) 
1381.85 
(37.17) 
1430.61 
(37.83) 
AA-703 27.77 
(5.32) 
26.90 
(5.28) 
25.23 
(5.07) 
37.61 
(6.17) 
36.55 
(6.08) 
33.43 
(5.82) 
168.85 
(13.01) 
169.67 
(13.04) 
183.36 
(13.51) 
1536.46 
(39.20) 
1486.67 
(38.56) 
1661.37 
(40.76) 
1237.18 
(35.17) 
1293.63 
(35.96) 
1195.99 
(34.59) 
1335.70 
(36.55) 
1268.75 
(35.61) 
1285.66 
(35.84) 
MG-06 29.50 
(5.47) 
31.36 
(5.64) 
30.53 
(5.57) 
36.53 
(6.08) 
38.40 
(6.23) 
35.63 
(6.01) 
173.33 
(13.18) 
162.65 
(12.77) 
181.75 
(13.5) 
1823.36 
(42.70) 
1724.75 
(41.53) 
1737.63 
(41.69) 
1797.33 
(42.40) 
1625.75 
(40.32) 
1777.81 
(42.17) 
1625.35 
(40.32) 
1661.77 
(40.77) 
1613.86 
(40.17) 
 
 
Genotypes Gossypol Glands Thickness of Leaf Lamina 
Midrib Vein Lamina 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-
101 
18.47 
(4.35) 
19.55 
(4.47) 
18.71 
(4.38) 
19.43 
(4.46) 
19.65 
(4.49) 
18.77 
(4.39) 
37.78 
(6.18) 
37.14 
(6.13) 
37.15 
(6.13) 
3647.78 
(60.40) 
3839.86 
(61.97) 
3778.95 
(61.48) 
MNH-886 17.69 
(4.26) 
18.81 
(4.39) 
16.97 
(4.17) 
20.26 
(4.56) 
19.75 
(4.50) 
19.69 
(4.49) 
46.38 
(6.84) 
43.61 
(6.64) 
44.97 
(6.74) 
3563.59 
(59.70) 
3436.66 
(58.62) 
3661.68 
(60.51) 
BT-121 15.87 
(4.04) 
16.09 
(4.07) 
15.92 
(4.05) 
18.17 
(4.32) 
19.71 
(4.49) 
18.25 
(4.33) 
43.50 
(6.63) 
46.75 
(6.87) 
42.45 
(6.55) 
3133.94 
(55.98) 
3047.36 
(55.20) 
3145.76 
(56.09) 
CA-12 14.26 
(3.84) 
15.68 
(4.04) 
14.88 
(3.92) 
16.87 
(4.17) 
16.99 
(4.18) 
16.63 
(4.13) 
36.54 
(6.08) 
38.61 
(6.25) 
37.96 
(6.20) 
2887.41 
(53.73) 
2936.10 
(54.19) 
3017.70 
(54.93) 
AA-703 14.67 
(3.89) 
15.77 
(4.03) 
14.69 
(3.89) 
15.81 
(4.03) 
16.76 
(4.15) 
15.91 
(4.05) 
39.71 
(6.34) 
40.51 
(6.40) 
39.65 
(6.33) 
2966.37 
(54.46) 
2881.44 
(53.68) 
2941.36 
(53.98) 
MG-06 18.26 
(4.33) 
15.81 
(4.03) 
17.89 
(4.28) 
18.77 
(4.39) 
18.71 
(4.38) 
18.89 
(4.40) 
61.11 
(7.84) 
62.45 
(7.93) 
59.66 
(7.75) 
2655.77 
(51.53) 
2733.91 
(52.29) 
2754.13 
(52.39) 
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Appendix 11:  Chemical Plant Characters in the Leaves of Selected Genotypes of Bt-Cotton. 
 
Genotypes Moisture Total Minerals Nitrogen Protein Lipids Reducing Sugar 
 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-
101 
80.95 
(9.02) 
81.60 
(9.06) 
80.61 
(9.06) 
16.90 
(4.17) 
17.11 
(4.19) 
16.24 
(4.09) 
2.36 
(1.69) 
2.33 
(1.68) 
2.34 
(1.68) 
14.75 
(3.90) 
14.56 
(3.88) 
15.62 
(3.38) 
6.24 
(2.59) 
6.23 
(2.51) 
6.27 
(2.60) 
3.83 
(2.08) 
3.82 
(2.07) 
3.84 
(2.08) 
MNH-886 81.75 
(9.05) 
81.10 
(9.03) 
81.97 
(9.08) 
17.36 
(4.16) 
17.39 
(4.22) 
17.50 
(4.24) 
2.43 
(1.79) 
2.41 
(1.70) 
2.42 
(1.70) 
15.18 
(3.95) 
15.06 
(3.94) 
15.13 
(3.95) 
9.53 
(3.16) 
9.52 
(3.16) 
9.60 
(3.17) 
4.26 
(2.18) 
4.24 
(2.17) 
4.28 
(2.18) 
BT-121 82.16 
(9.09) 
81.65 
(9.06) 
81.60 
(9.06) 
12.27 
(3.56) 
12.86 
(3.65) 
12.39 
(3.59) 
2.49 
(1.72) 
2.48 
(1.72) 
2.50 
(1.73) 
15.56 
(4.07) 
15.50 
(4.0) 
15.62 
(4.01) 
6.93 
(2.72) 
6.92 
(2.72) 
6.90 
(2.72) 
5.66 
(2.48) 
5.66 
(2.48) 
5.67 
(2.48) 
CA-12 83.15 
(9.14) 
82.90 
(9.33) 
82.77 
(9.62) 
15.26 
(3.963) 
15.27 
(3.97) 
15.30 
(3.96) 
2.28 
(1.66) 
2.30 
(1.67) 
2.30 
(1.67) 
14.25 
(3.84) 
14.37 
(3.85) 
14.37 
(3.85) 
7.47 
(2.82) 
7.50 
(2.82) 
7.49 
(2.82) 
4.94 
(2.33) 
4.93 
(2.33) 
4.92 
(2.32) 
AA-703 82.65 
(9.18) 
82.44 
(9.10) 
82.75 
(9.12) 
11.49 
(3.53) 
12.10 
(3.54) 
12.08 
(3.54) 
2.52 
(1.73) 
2.51 
(1.73) 
2.52 
(1.73) 
15.75 
(4.03) 
15.68 
(4.02) 
15.75 
(4.03) 
10.40 
(3.30) 
10.42 
(3.30) 
10.50 
(3.31) 
4.30 
(2.19) 
4.31 
(2.19) 
4.31 
(2.19) 
MG-06 83.33 
(9.15) 
82.14 
(9.01) 
82.38 
(9.04) 
12.86 
(3.65) 
12.50 
(3.60) 
12.70 
(3.63) 
2.24 
(1.65) 
2.26 
(1.66) 
2.25 
(1.65) 
14.0 
(3.08) 
14.13 
(3.82) 
14.06 
(3.81) 
8.75 
(3.04) 
8.76 
(3.04) 
8.80 
(3.04) 
5.49 
(2.44) 
5.53 
(2.45) 
5.52 
(2.45) 
 
Genotypes Calcium Magnesium Phosphorous Potassium 
 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-
101 
2.33 
(1.68) 
2.32 
(1.67) 
2.33 
(1.68) 
0.40 
(0.99) 
0.48 
(0.98) 
0.47 
(0.98) 
1834.10 
(42.83) 
1839.36 
(42.89) 
1865.50 
(43.19) 
3.88 
(2.09) 
3.87 
(2.09) 
3.85 
(2.08) 
MNH-886 2.37 
(1.69) 
2.38 
(1.63) 
2.36 
(1.69) 
0.44 
(0.96) 
0.45 
(0.97) 
0.45 
(0.97) 
3631.33 
(60.26) 
3637.50 
(60.31) 
3633.65 
(60.28) 
2.50 
(1.73) 
2.49 
(1.72) 
2.56 
(1.74) 
BT-121 3.15 
(1.91) 
3.14 
(1.90) 
3.16 
(1.91) 
0.41 
(0.95) 
0.41 
(0.95) 
0.40 
(0.94) 
3766.53 
(61.37) 
3761.50 
(61.33) 
3763.63 
(61.35) 
3.15 
(1.91) 
3.17 
(1.91) 
3.18 
(1.91) 
CA-12 2.90 
(1.84) 
2.91 
(1.84) 
2.91 
(1.84) 
0.39 
(0.947) 
0.40 
(0.94) 
0.40 
(0.94) 
1866.71 
(43.21) 
1865.59 
(43.19) 
1867.67 
(43.22) 
3.24 
(1.93) 
3.28 
(1.94) 
3.25 
(1.93). 
AA-703 3.26 
(1.93) 
3.28 
(1.94) 
3.27 
(1.94) 
0.46 
(0.97) 
0.47 
(0.98) 
0.46 
(0.90) 
3815.13 
(61.77) 
3819.50 
(61.80) 
3820.50 
(61.81) 
2.94 
(1.85) 
2.91 
(1.84) 
2.93 
(1.85) 
MG-06 3.86 
(2.08) 
3.87 
(2.09) 
3.85 (2.08 0.41 
(0.95) 
0.40 
(0.94) 
0.42 
(0.95) 
2650.63 
(51.48) 
2649.43 
(51.47) 
2653.63 
(51.51) 
3.47 
(2.91) 
3.50 
(2.00) 
3.48 
(1.99) 
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Genotypes Copper Zinc Manganese Ferrous 
 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
Auriga-
101 
86.18 
(9.31) 
86.19 
(9.31) 
87.27 
(9.36) 
19.66 
(4.48) 
19.63 
(4.48) 
19.57 
(4.47) 
33.45 
(5.82) 
33.47 
(5.83) 
33.48 
(5.82) 
14.19 
(3.83) 
14.00 
(3.80) 
14.10 
(3.82) 
MNH-886 43.76 
(6.65) 
42.50 
(6.55) 
43.65 
(6.64) 
14.38 
(3.85) 
14.40 
(3.86) 
14.36 
(3.85) 
40.27 
(6.38) 
41.10 
(6.14) 
40.59 
(6.41) 
18.24 
(4.32) 
18.30 
(4.33) 
18.29 
(4.33) 
BT-121 18.92 
(4.40) 
18.86 
(4.40) 
18.96 
(4.41) 
18.54 
(4.36) 
18.59 
(4.36) 
18.60 
(4.37) 
39.45 
(6.32) 
39.66 
(6.33) 
39.67 
(6.33) 
16.23 
(4.09) 
16.78 
(4.15) 
16.60 
(4.13) 
CA-12 46.19 
(6.83) 
48.50 
(7.00) 
47.76 
(6.94) 
19.10 
(4.42) 
9.15 
(4.43) 
19.14 
(4.43) 
34.27 
(5.89) 
34.18 
(5.88) 
34.29 
(5.89) 
15.24 
(3.96) 
15.18 
(3.95) 
15.21 
(3.96) 
AA-703 83.55 
(9.16) 
82.60 
(9.10) 
81.87 
(9.07) 
13.97 
(3.80) 
13.99 
(3.80) 
13.88 
(3.13) 
37.67 
(6.17) 
38.15 
(6.21) 
37.78 
(6.18) 
17.68 
(4.26) 
17.36 
(4.22) 
17.57 
(4.25) 
MG-06 26.15 
(5.16) 
26.18 
(5.16) 
26.27 
(7.15) 
17.84 
(4.28) 
18.15 
(4.31) 
18.19 
(4.32) 
41.40 
(6.47) 
42.24 
(6.53) 
41.50 
(6.48) 
16.36 
(4.10)  
16.49 
(4.12) 
16.38 
(4.10) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 APPENDIX   
 
 
  118 
 
Appendix 12:  Data regarding Population of Jassid per leaf in various Treatments on a Selected Resistant Genotype of BT- 
  Cotton.  
Tr. 
# 
Name of 
Treatment 
Dose/Method 
of 
Application 
Dates of Observation 
18.06.2011 25.06.2011 02.07.2011 09.07.2011 16.07.2011 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
T1 Coccinella 
septumpuncta
ta 
2nd Instar 
Larvae/plant at 
weekly interval 
0.33 0.26 0.73 0.73 0.53 0.60 0.93 0.93 0.93 1.06 1.26 1.00 1.66 1.53 1.73 
T2 Chrysoperla 
carnea 
-do- 0.40 0.40 0.66 0.66 0.73 0.40 0.86 1.06 0.83 1.13 1.06 1.26 1.60 1.66 1.66 
T3 Neem Seed 
Kernal 
Extract 
1500 ml/ha 0.47 0.60 0.40 0.73 0.60 0.53 1.06 0.93 0.80 1.20 1.13 1.13 1.13 1.06 1.26 
T4 Spinosad 240 
SC(Tracer) 
125 ml/ha 0.26 0.53 0.53 0.66 0.60 0.47 0.03 1.06 0.83 0.93 1.26 1.00 0.26 0.20 0.33 
T5 T1 + T2 As above 0.40 0.66 0.33 0.53 0.47 0.60 1.0 0.86 0.86 1.26 1.13 0.93 1.47 1.53 1.60 
T6 T1 + T3 Do 0.33 0.60 0.47 0.73 0.53 0.47 0.86 0.93 0.80 1.33 1.00 1.13 1.06 1.13 1.26 
T7 T1 + T4 Do 0.47 0.47 0.47 0.66 0.53 0.60 0.83 0.80 0.93 1.13 1.00 1.20 0.20 0.16 0.20 
T8 T2 + T3 -do- 0.47 0.66 0.33 0.73 0.60 0.53 0.73 1.06 0.83 1.20 1.20 1.00 1.06 1.20 1.20 
T9 T2 + T4 -do- 0.40 0.53 0.33 0.53 0.53 0.60 0.93 0.93 0.86 1.13 1.00 1.26 0.16 0.20 0.26 
T10 T3 + T4 -do- 0.47 0.47 0.53 0.60 0.53 0.47 1.06 0.83 0.83 1.13 1.13 1.20 0.06 0.13 0.13 
T11 T1 + T2 + T3 -do- 0.53 0.47 0.33 0.60 0.53 0.53 0.86 0.93 0.93 1.20 1.13 0.86 1.00 0.93 1.06 
T12 T1 + T2 + T4 -do- 0.60 0.33 0.33 0.66 0.47 0.47 0.80 0.86 1.00 1.26 1.00 1.13 0.06 0.13 0.20 
T13 T1 + T3 + T4 -do- 0.53 0.53 0.47 0.53 0.60 0.47 1.06 0.86 0.86 1.06 1.13 1.13 0.00 0.00 0.00 
T14 T2 + T3 + T4 -do- 0.47 0.33 0.53 0.60 0.53 0.47 1.00 0.93 0.80 1.13 1.20 1.00 0.00 0.00 0.00 
T15 T1 + T2 + T3 
+ T4 
-do- 0.53 0.40 0.40 0.66 0.40 0.53 0.73 0.93 0.80 1.06 1.00 1.13 0.00 0.00 0.00 
T16 Control - 0.47 0.53 0.47 0.60 0.73 0.60 0.86 1.06 0.93 1.20 1.13 1.00 1.93 1.86 2.00 
               Continue……. 
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Tr. 
# 
Name of 
Treatment 
Dose/Method 
of 
Application 
Dates of Observation 
23.07.2011 30.07.2011 07.08.2011 15.08.2011 22.08.2011 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
T1 Coccinella 
septumpunctata 
2nd Instar 
Larvae/plant at 
weekly interval 
1.86 1.93 1.73 2.33 2.40 2.53 2.73 3.80 3.53 3.40 3.13 3.60 2.80 3.16 3.00 
T2 Chrysoperla 
carnea 
-do- 1.80 1.73 1.86 2.26 2.47 2.20 3.86 3.47 3.66 3.53 3.40 3.47 2.93 3.06 2.86 
T3 Neem Seed 
Kernal Extract 
1500 ml/ha 1.47 1.53 1.66 1.40 1.53 1.47 2.60 2.80 2.73 3.13 3.06 3.13 2.60 2.40 2.66 
T4 Spinosad 240 
SC (Tracer) 
125 ml/ha 0.86 1.13 1.06 0.20 0.26 0.13 1.33 1.47 1.26 0.13 0.13 0.26 1.16 1.00 1.06 
T5 T1 + T2 As above 1.73 1.66 1.80 1.73 1.86 1.66 3.40 3.53 3.26 3.20 3.33 3.06 2.86 3.00 2.93 
T6 T1 + T3 Do 1.33 1.26 1.20 1.33 1.40 1.47 2.86 2.47 2.73 2.26 2.40 2.33 2.40 2.66 2.53 
T7 T1 + T4 Do 0.93 1.06 1.13 0.13 0.20 0.00 1.13 1.26 1.20 0.13 0.06 0.26 1.06 1.13 1.00 
T8 T2 + T3 -do- 1.40 1.26 1.33 0.13 0.20 0.20 2.40 2.53 2.47 2.20 2.26 2.40 2.43 2.53 2.40 
T9 T2 + T4 -do- 0.73 0.93 1.00 0.13 0.13 0.20 1.13 1.20 1.06 0.16 0.06 0.20 0.93 1.06 1.13 
T10 T3 + T4 -do- 0.66 0.73 0.80 0.06 0.13 0.06 2.26 2.33 2.20 0.06 0.00 0.06 1.00 0.93 0.86 
T11 T1 + T2 + T3 -do- 1.13 1.33 1.20 1.20 1.26 1.13 2.93 2.47 2.33 2.00 2.13 2.93 2.33 2.47 2.73 
T12 T1 + T2 + T4 -do- 0.87 0.66 0.83 0.20 0.13 0.13 1.00 1.13 1.06 0.16 0.26 0.20 1.06 1.13 1.00 
T13 T1 + T3 + T4 -do- 0.40 0.60 0.53 0.00 0.00 0.00 1.60 1.53 1.40 0.00 0.00 0.00 0.80 0.93 0.86 
T14 T2 + T3 + T4 -do- 0.47 0.53 0.60 0.00 0.00 0.00 1.53 1.66 1.47 0.00 0.00 0.00 0.93 0.86 0.86 
T15 T1 + T2 + T3 + 
T4 
-do- 0.40 0.66 0.47 0.00 0.00 0.00 1.13 1.00 0.93 0.00 0.00 0.00 0.53 0.86 0.80 
T16 Control - 2.53 2.80 2.66 2.60 2.93 2.86 4.80 4.53 4.93 4.93 5.00 4.84 4.20 4.26 4.06 
               Continue……. 
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Tr. 
# 
Name of 
Treatment 
Dose/Method 
of 
Application 
Dates of Observation 
30.08.2011 06.09.2011 15.09.2011 22.09.2011 29.09.2011 
R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3 
T1 Coccinella 
septumpunctata 
2nd Instar 
Larvae/plant at 
weekly interval 
2.40 2.33 2.26 1.47 1.66 1.33 1.26 1.47 1.33 0.86 0.73 0.80 0.93 0.93 0.80 
T2 Chrysoperla 
carnea 
-do- 2.47 2.20 1.40 1.33 1.47 1.40 1.40 1.33 1.47 0.93 0.80 0.73 0.80 0.73 0.86 
T3 Neem Seed 
Kernal Extract 
1500 ml/ha 1.66 1.53 2.06 1.16 1.06 1.26 1.06 0.93 0.86 0.47 0.53 0.40 0.66 0.73 0.60 
T4 Spinosad 240 
SC (Tracer) 
125 ml/ha 0.16 0.20 0.26 0.60 0.53 0.47 0.00 0.00 0.00 0.20 0.16 0.26 0.33 0.26 0.33 
T5 T1 + T2 As above 2.40 2.53 0.33 1.33 0.47 1.40 1.26 1.13 1.20 0.80 0.73 0.86 0.93 0.86 0.93 
T6 T1 + T3 Do 1.40 1.53 1.47 1.06 0.93 1.16 0.80 0.86 1.00 0.53 0.40 0.33 0.80 0.86 0.73 
T7 T1 + T4 Do 0.13 0.13 0.26 0.47 0.33 0.40 0.00 0.00 0.00 0.13 0.16 0..16 0.47 0.40 0.26 
T8 T2 + T3 -do- 1.33 1.47 1.53 0.86 1.06 0.93 0.93 0.86 0.80 0.40 0.47 0.33 0.73 0.93 0.80 
T9 T2 + T4 -do- 0.13 0.06 0.20 0.33 0.20 0.40 0.00 0.00 0.00 0.13 0.20 0.06 0.33 0.40 0.20 
T10 T3 + T4 -do- 0.00 0.00 0.00 0.26 0.33 0.16 0.00 0.00 0.00 0.16 0.06 0.16 0.26 0.33 0.16 
T11 T1 + T2 + T3 -do- 1.20 1.13 1.26 0.93 0.86 1.00 0.83 0.66 0.73 0.33 0.47 0.33 0.86 0.53 0.66 
T12 T1 + T2 + T4 -do- 0.16 0.06 0.06 0.06 0.26 0.26 0.00 0.00 0.00 0.16 0.20 0.06 0.33 0.47 0.26 
T13 T1 + T3 + T4 -do- 0.00 0.00 0.00 0.16 0.16 0.27 0.00 0.00 0.00 0.26 0.16 0.06 0.26 0.33 0.26 
T14 T2 + T3 + T4 -do- 0.00 0.00 0.00 0.20 0.16 0.20 0.00 0.00 0.00 0.06 0.00 0.20 0.26 0.40 0.27 
T15 T1 + T2 + T3 + 
T4 
-do- 0.00 0.00 0.00 0.16 0.26 0.20 0.00 0.00 0.00 0.16 0.00 0.06 0.33 0.26 0.40 
T16 Control - 3.73 3.86 3.66 2.33 2.93 2.66 2.00 1.73 2.06 1.13 1.40 1.26 0.86 0.60 0.73 
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Appendix 13:  Seed Cotton Yield (kg/plot) in Different Treatments on Bt-cotton MG-06 
 
Sr. # 
 
 
Name of 
Treatments 
Dose/Methods of Application  R1 R2 R3 
      
T1 Coccinella 
septumpunctata 
2nd Instar Larvae/plant at weekly 
interval 
9.367 9.934 9.571 
T2 Chrysoperla 
carnea 
-do- 9.220 9.468 9.473 
T3 Neem Seed 
Kernal Extract 
1500 ml/ha 11.769 11.578 11.660 
T4 Spinosad 
(Tracer) 
125 ml/ha 12.048 12.100 12.323 
T5 T1 + T2 As above 9.947 9.837 9.847 
T6 T1 + T3 Do 11.758 11.937 12.300 
T7 T1 + T4 Do 13.117 12.985 13.100 
T8 T2 + T3 -do- 10.567 10.839 10.550 
T9 T2 + T4 -do- 12.016 11.987 12.116 
T10 T3 + T4 -do- 13.260 13.291 13.357 
T11 T1 + T2 + T3 -do- 10.253 10.369 10.538 
T12 T1 + T2 + T4 -do- 12.299 12.376 12.287 
T13 T1 + T3 + T4 -do- 14.310 14.259 14.347 
T14 T2 + T3 + T4 -do- 14.360 14.297 14.323 
T15 T1 + T2 + T3 + 
T4 
-do- 14.324 14.330 14.332 
T16 Control - 7.920 7.960 7.890 
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Appendix 14: Cost Benefit Ratio (CBR) for Different Treatment in resistant Bt Cotton 
_____________________________________________________________________ 
T1 =  Release of 2nd instar larvae of Coccinella septumpunctata @ 1 larvae per plot at 
Weekly  Interval from 09.07.2011 to 06.9.2011 (9-releases). 
Expenditure: 
 Number of Larvae Released per plot    = 198 
 Number of Larvae Released per Hectare  = 5683 
 Price per 100 Larvae     = Rs. 10/- 
 Price of Larvae per Hectare    = Rs. 568.30  
 Number of releases     =  9 
 Expenditure for 9 Releases    = Rs. 5114.70 
 Labour Charges per Release per Hectare  = Rs.1200/- 
 Labour Expenditure for 9 Releases per Hectare = Rs. 10800/- 
 Total Expenditure     = Rs. 15914.70 
Income: 
 Increase in Yield per Hectare    = 687.155 kg 
 Cost of Yield       = Rs. 51.25/- per kg 
 Total Income      = Rs. 35216.69/- 
    CBR= 1 : 2.21 
T2 =  Release of 2nd instar larvae of Chrysoperla carnea @ 1 larvae per plot at Weekly 
 Interval from 09.07.2011 to 06.9.2011 (9-releases). 
Expenditure: 
 Number of Larvae Released per plot    = 198 
 Number of Larvae Released per Hectare  = 5683 
 Price per 100 Larvae     = Rs. 10/- 
 Price of Larvae per Hectare    = Rs. 568.30/-  
 Expenditure for 9 Releases    = Rs. 5114.70/- 
 Labour Charges per Release per Hectare  = Rs.1200/- 
 Labour Expenditure for 9 Releases per Hectare = Rs. 10800/- 
 Total Expenditure     = Rs. 15914.70 
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Income: 
 Increase in Yield per Hectare    = 619.125 kg 
 Cost of Yield       = Rs. 51.25/- per kg 
 Total Income      = Rs. 31730.15/-  
    CBR = 1 : 1.99 
 
T3 =  Spray of Neem Seed Kernal Extract (Neemasol 5%) @ 2.50 liters per hectare 
five  times on 09.07.2011, 23.07.2011,07.08.2011, 22.08.2011 and 06.09.2011. 
Expenditure: 
 Use of NSKE @ 2.50 liters per ha. for 5 applications    = 12.5 liters    
 Cost per liter       = Rs. 1000/-  
 Total cost of NSKE for 5 applications   = Rs. 12500/- 
 Labour Charges per hectare      = Rs. 1000/- 
 Total labour Charges for five replication        = Rs. 5000/- 
 Total Expenditure        = Rs. 17500/-  
Income: 
 Increase in Yield per Hectare    = 1274.130 kg 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 65299.162/-  
    CBR = 1 : 3.73 
 
T4 =  Application of Spinosad 240 SC (Tracer) @ 125-ml per hectare for five times on 
 09.07.2011, 23.07.2011, 07.08.2011, 22.08.2011 and 06.09.2011. 
Expenditure: 
Spinosad 240SC sprayed     = 125ml/ha 
 Number of Applications     = 05 
 Total Insecticide Used     = 625 ml 
 Price of Insecticde      = 600/1000 ml 
 Price per ml       = Rs. 7.5/- 
 Total Cost of Insecticide     = Rs. 4687.50 
 Labour Charges      = Rs 1000/ha 
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 Total Labour Charges for five applications   = Rs 5000/- 
 Total Expenditure      = Rs.9687.50 
Income: 
 Increase in Yield per Hectare    = 1414.13 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 72474.16  
CBR = 1 : 7.47 
 
T5 (T1 + T2) 
Expenditure: 
 Expenditure in T1      = Rs. 15914.70 
 Expenditure in T2     = Rs. 15914.70 
 Total Expenditure     = Rs. 31829.4 
Income: 
 Increase in Yield per Hectare    = 791.517 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 40565.24  
CBR = 1 : 1.27 
T6 (T1 + T3) 
Expenditure: 
 Expenditure in T1      = Rs. 15914.70 
 Expenditure in T3     = Rs. 17500/- 
 Total Expenditure     = Rs. 33414.70 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 1368.563 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 69985.10  
    CBR = 1 : 2.09 
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T7 (T1 + T4) 
Expenditure 
 Expenditure in T1     = Rs. 15914.70 
 Expenditure in T4     = Rs. 9687.50 
 Total Expenditure     = Rs. 25602.2 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 1579.818 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 80965.67  
    CBR = 1 : 3.16 
 
T8 (T2 + T3) 
Expenditure 
 Expenditure in T2     = Rs. 15914.70 
 Expenditure in T3     = Rs. 17500/- 
 Total Expenditure     = Rs. 33414.70 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 1579.818 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 80965.67  
    CBR = 1 : 2.42 
T9 (T2 +T4) 
Expenditure 
 Expenditure in T2     = Rs. 15914.70 
 Expenditure in T4     = Rs. 9687.50 
 Total Expenditure     = Rs. 25602.20 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 1380.619 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 70756072  
    CBR = 1 : 2.76 
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T10 (T3 +T4) 
Expenditure 
 Expenditure in T3     = Rs. 17500/- 
 Expenditure in T4     = Rs. 9687.50 
 Total Expenditure     = Rs. 27187.50 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 1743.139 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 89335.87  
    CBR = 1 : 3.28 
T11 (T1 +T2 + T3) 
Expenditure 
 Expenditure in T1     = Rs. 15914.70 
 Expenditure in T2     = Rs. 15914.70 
 Expenditure in T3     = Rs. 17500/- 
 Total Expenditure     = Rs. 49329.4 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 906.156 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 46440.49  
    CBR = 1 : 0.94 
T12 (T1 +T2 +T4) 
Expenditure 
 Expenditure in T1     = Rs. 15914.70 
 Expenditure in T2     = Rs. 15914.70 
 Expenditure in T4     = Rs. 9687.50 
 Total Expenditure     = Rs. 41516.90 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 1461.275 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 74890.34  
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    CBR = 1 : 1.80 
T13 (T1 +T3 + T4) 
Expenditure 
 Expenditure in T1     = Rs. 15914.70 
 Expenditure in T3     = Rs. 17500/- 
 Expenditure in T4     = Rs. 9687.50 
 Total Expenditure     = Rs. 43102.20 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 2030.744 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 104075.63  
    CBR = 1 : 2.41 
T14 (T2 +T3 +T4) 
Expenditure 
 Expenditure in T2     = Rs. 15914.70 
 Expenditure in T3     = Rs. 17500/- 
 Expenditure in T4     = Rs. 9687.50 
 Total Expenditure     = Rs. 43102.20 
Income: 
 Increase in Seed Cotton Yield per Hectare  = 2036.807 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 104386.35  
    CBR = 1 : 2.42 
  
T15 (T1+T2 +T3 +T4) 
Expenditure 
 Expenditure in T1     = Rs. 15914.70 
 Expenditure in T2     = Rs. 15914.70 
 Expenditure in T3     = Rs. 17500/- 
 Expenditure in T4     = Rs. 9687.50 
 Total Expenditure     = Rs. 59016.90 
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Income: 
 Increase in Seed Cotton Yield per Hectare  = 2038.499 kg/ha 
 Cost of Yield       = Rs. 51.25 per kg 
 Total Income      = Rs. 104473.07  
    CBR = 1 : 1.77 
 
